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= (54) Title: CONTROLLED ARTIFICIAL INTERVERTEBRAL DISC IMPLANT 



< 




(57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
intervertebral disc is preferably designed to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 
shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 
thoracic, or the lumbar regions of the spine. The artificial intervertebral disc may include either singularly or in combination: an 
interior including at least one spring member preferably incorporating a arcuate surface member, a flexible core, the flexible core 
preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 
attached to one of the endplate by an intermediate shock absorbing element. 
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CONTH#i,LED ARTIFICIAL 
INTERVERTEBRAL DISC IMPLANT 

Field of the Invention 

{0001 ] The invention is retail to devices and methods for the treatment of 

i and diseases of the spine. More particularly, the invention relates to intervertebral 

ac replacement. ' 

Backcrouni* op toe Invention 

[0002] A variety of conditions' such as spondylolysis, disc herniation,; 

1 0 compression of spinal cord nerve roots, degenerative disc disease, and trauma are known to 

c lose severe discomfort, requiring medical attention. Among the procedures currently used 

t( > alleviate such conditions are spinal fusipn, such as intervertebral and posterolateral fusion 

d r arthrodesis/ In these procedures, two adjacent vertebral bodies are fused togefher. The 

a fected intervertebral disc is first excised;- and an implant is inserted which accommodates 

15 b x >ne growth be^een the two vertebral bodies to effectively bridge the gap left by the disc - 

Ti movaL A number of different implant materials and implant designs have been used for 

fi ision with varying successV Although inferyertebfal and posterolateral fusion are widely 

u ted, drawbacks to their use include a'rediced physiologic range of motion and other fusion 

re lated complications such as degeneration of adjacent discs and destabilization of the 

20 fi nctional spinal unit As a result; altemafiye treatments with fcw^ con^H^tioBS, W 

si cnflar efficacy to fusion, arc desirable, cjjne such alternative to spinal fusion is arthroplasty 

ai id the iuse of a prosthetic or artificial disc!. * * ' 

[0603] 1 In general, arthroplasty is used in the replacement of diseased joints* 

Arthroplasty involves a set of procedures directed to maintaining motion of the joint ' 

...... I • . * • 

25 Hi ereby preserving its integrity and keeping the adjacent motion segments from. 

dt tsridrating, ai? they tend to do after fusioiL Depending on the location and the condition 

oi this affected joint, specific arthroplasty procedures may be used. For example, 

in^erpositional reconstruction surgery, whi6h reshapes the joint and adds a prosthetic disk 

between the two bones forming the joint is [commonly used on elbow, shoulder, ankle, and 

30 finger joints. Total joint replacement, or total joint arthroplasty, replaces the entire diseased 

joint with an artificial prosthesis and, in recent years, has become the operation of choice 

foijr most knee and hip problems. 

[0004] Hip and knee replacements are particularly widespread with nearly 

30)0,000 hip replacements and about as many knee replacements perfonned in the!tJnited 
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&ates mlOOl. With respect to the knee and hip joint replacement surgeries > th^| are 
. sfevend ^ irpplants or prosthetics available. . f.to the hip prosthetic, in an exemplary Resign, 
4ere areWo components, one is a metal bail attached to a metal stem which is Bpsb into 
2e femur, and the second is a matching p^tic socket which is implanted into thepelvis. 

5 Tjhe metal pieces, are generaUy formed from stainless steel, alloys of cobalt and chp*ne, 
tikanium, and alloys of titanium; the plastic pieces are generaUy formed from highrdensity 
. phlyethjiene. For the knee prosthetics, in fa exemplary embodiment, metal and plastic 
components are again used to replace the tfamaged bone ends and cartilage. The m^tal 
pieces are generally formed from stainless steel, alloys of cobalt and chrome, titanharn, and 

10 ajloys of titanium; the plastic pieces are g<perally fbnned from high-density polyethylene, 
i [0005] Although the solution, of spinal arthroplasty and the use of p^sthetics 
4 the spine has been similar to that of other joints in the body, evolving from fusing the 
jejint to replacing the fiinctional joint, the advent of spinal athroplasty, however, has been 
sfower than arthroplasty in other major jointe in the body. A few of the possible reasons 

15 Tyby spipal arthroplasty has been delayed.ars that spinal problems related to disc ■ 

degeneration are difficult to diagnose, spinal procedures are typically crisis-driven and thus 
conservative solutions such as fusion are abatable, and spinal anatomy is complex, 

j [0006] Over the past 40 yeaors Spinal arthroplasty technologies have bean under • 
development and in the last 10 years spinal arthroplasty has won the attention of leading 

20 sijrgecms and implant manufacturers. The evolution of spinal arthroplasty essentially began 
ill the l$50*s and one of several emerging excepts was the spherical concept of the disc 
pijdstheses. The spherical concept is simply the placement of a ball, essentially 
circumferential, in the cavity of the nucleu&pulposus after a discectomy procedure* has been 
pirfonne& The annulus is kept in place andjthe ball serves as a nucleus replacement 

25 device. Various materials have been experimented with for the spherical concept For 

ejijaxnpie, in the early 1960 T s, implants using silicone ball bearings were implanted into the 
civical regions of patients, but the outcomes were uncertain. In the mid 1 960' s, stainless- 
steel (ball bearing) prostheses were implanted into patients. The results of the procedure 
were initially promising but over time the disc spaces lost height due to subsidence of the 

30 steel balls into the vertebral bodies. Presently* the concept of a spherical prosthesis 

continues to be examined using different materials, the latest of which is a modified carbon 



[0007] Another emerging concept is the mechanical concept design. The 
mechanical concept design is essentially a tbtal disc replacem ent product which is intended 
35 to- restore the range of motion of the vertebral motion segment unit These devices are often 
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comprised of metallic endplates fixed to the adjacent vertebral bodies via a stabilrzatiori 
n ec*anism:and a core formed from polyethylene or other polymeric materials.' 
A lterxiatively, instead of a core, bearing surfaces can be used, the bearing surface materials 
being ceramic-on-ceramic, metal-on metaly or metal-on-polyethylene. The mechanical ; 
design cdnqept is based on the same principles as joint reconstruction products, such as 
fc iee and hip replacements, and a variety of mechanical design prostheses concepts have 
b sen proposed and continue to be proposed: ~ 

[0008] Another concept is the^physiological concept. The physiological 
concept uses a hydro get elastomer, or polyorefhane-based core which is intended to restore 
tl e <K$c fiznclicm by absorbing and emitting fluid between tlie patient's vertebral endplates, 
w bile also ipaintgining the natural shock absorbing or cushioning function of the disc. The 
p; lysiological concept devices are generally considered only a partial solution as they are 
designed to replace only the nucleus or a portion of the disc. 

[00091 All of the approaches to disc replacement are = aimed at some or ail of the 
fc llowing: alleviating discogenic pain, restoring range of motion, maintaining the natural 
si ock; absorbing function of the disc, restoring normal form or disc height, and restoring 
pliysiologicd ldnemakcs: Generally, four exemplary types of artificial int^erte^ p discs r 
have been developed forn^l^ngapoj^cfaorall of an excised disc: elastomer/fluid filled 
discs, ball and socket type discs, mechanical spririjl'^ 

[0010] * Elastomer/fluid filled discs typically include an elastomer cushion or a 
fli ud filled chamber positioned between lower and upper rigid endplates. The cushions and 
clambers of these implants advantageously function, in mechanical behavior, similar to the 
renoved intervertebral 'disc tissue- i * :^ : r : 

[OQl.J] ; Ball and socket type di$cs typically incorporate two plate members 'r 
ha ving cooperating inner bail and socket portions which permit articulating motion of the 
m anbers dujing movement of the spine, j. " v r ' 

. XQQ12Y : Mechanical spring discsjtypically incorporate one or more coiled ; 
springs disposed between metal endplates. ]The coiled springs define a cumulative spring 
constant that is designed to be sufficient to maintain the spaced arrangement of the adjacent 
vertebrae while allowing normal movement of the vertebrae during flexion and extension of 
th< spine in any direction. i; * 

[0Q13] . The fourth type of artificial intervertebral disc, the hytarid disc 
incorporates two or more of the aforementioned design principles. For example, one known 
hy jrid'disc arrangement includes a ball and- socket joint surrounded by an elastomer ring. 
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£0014] "While each of the foregoing prostheses addresses some of thepoblems 
relating to intervertebral disc replacement; each of the implants presents significant 
drawbacks. Thus, there is a need for an intervertebral implant that accommodates the 
anatomy and geometry of tbe intervertebral space sought to be filled as well as the anatomy 
5 ax d geometry of the ends of adjacent vertebral bodies, while providing reliability and 
si nplicity in design. More particularly, there is a need for a spinal disp implant which 
m ovides stability for supporting the high loads applied to the vertebrae, permits sufficient 
mobility to allow the patient an approximate normal range of motion, provides for. axial 
compression between adjacent vertebrae, and has shock absorption abilities. 
10 sinviMARY tfE Tife Invention 

£0015] The invention relatekio an intervertebral disc that is preferably 

d< signed to restore disc height and lordosis, allow for a natural range of motion, absorb 
shock and provide resistance to motion and axial compression. Furthermore, the 
in wvertebral disc may be used in the cervical, the thoracic, or the lumbar regions.pf the 

15 spjfcfc- 

[0016] The intervertebral disd includes a body having a foo^rint that ^ 
preferably conforming in size and shape with at least a portion of the ends of adjacent 
ve rtebnie. The shapes of the intervertebraldisc include, but are not limited to, circular, 
oval, ellipsoid, kidney-bean, annular, Oshaped, D-shaped, etc. 

20 [0017] In one embodiment, 'the intervertebral disc includes an upper endplate, a 

Icy ver endplate, and an intermediate elastic membrane disposed between the upper and 
lower endplates. Alternatively, the elastic membrane may surround and encapsulate the 
endplates. The elastic membrane in combination with the upper and lower endplates 
de 5nes an interior volume. The interior volume of the disc includes at least one spring 

25 ek meat; the spring element being attached to the upper and lower endplates. Preferably, 
flu spring element is attached to the lower endplate within a pocket or groove fbnned on the 
im er surface of the lower endplate, while the upper end of the spring element is attached to 
a hemi-spherica! member. The hemi-spherical member is designed to mate with and 
articulate in a socket formed on the inner surface of the upper endplate. 

30 . [001 8] Alternatively, the disc may be provided with a plurality of spring 

ele nente with each spring element extending .from the upper endplate to the lower endplate, 
anc each spring element may have a hemi-spherical members on both ends to mate .with 
cox responding sockets formed on the inner surface of the upper and lower endplates. The 
dis \ may also be configured such that the disc generally contains a first spring element 

35 sur oundedl3y a plurality of second spring elements uniformly spaced around the first 

4 
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sprihg.«temeri:. Tnejirst spring element jjjfcelferably having a stif&iess and «r s&$$ [ • ' 
constant Which is greater than the stifiBies^ the periphery spring el^ • f 
[0019] Furthermore, the disc toiy include a plurality of spring elemetit, 
whereby only aportion of the spring elemfiDis may be attached to a heriri-spheric$l member, 
w ith toe remaining spring elements beirigktached to the upper and lower endplates, 

• pi eferably in pockets. In one exemplary embodiment, the first spring element with be* 
attached to a hemi-spherical member whtls the surrounding peripheral second spring 
el cments will be attached directly to the upper and lower endpl&tesi 

[0020] The disc may also include an elastomeric strut or ring in plaicrej of one or 
all of the spring elements. Furthermore, the disc may incorporate casing members. > • 

[0021] " The disc may also include a fluid disposed within tiie interior volume 
ai id a valve for permitting insertion of andieinoval of the fluid. 

! [0022] The upp er and lower endplates are preferably formed of metal, such as 
tit anium, stainless steel', titanium alloys, cobalt-chromium alloys, or amorphous alloys. 
A tentatively, however, the upper and lower 'mdplates may be formed of ceramics, 
cc myosites, polymers,' such as pbly-ether^ti^-lcetone (/.e/PEEK) or an ultra hi^h 
mriecul^vra^ 

al ograft, autograft, xenograft," demineralizfcdibr partially demincralized bone, or any other 
m aerials able to serve as load bearing supports. The materials chosen for the endplates, in 
comi&inaticm.with the desired fluid, are preferably selected to reduce the amount of wear, 
aiwthns^crteasethelifebf the joint ^ q ' : ' ' 

' [0623] : The outer surface of the^pper and lower endplates may be substantially 
fh t, wedge-shaped, etc* The outer surf aces pf the upper and lower endplates may also.be 
do tne shaped; with their radii defined in the sagittal and coronal planes to generally match 
those of the ends of the adjacent vertebra. The dome shape allows the upper and lower 
en iplates to better conform with the ends of the adjacent vertebrae for a better fit in situ. 
[0024] The intervertebral disc also preferably includes migration-resistfflit 

i ■ '.y * ■ - • • * ' /* 4 • * 

structures provided on the outer surface of at least one or both of the endplates to impede 
movement, dislodging, or expulsion of the endplates within and from the ends of the • 
adjacent vertebrae. The migration-resistanistructures include, but are not limited toi ^fljaps, 

. spi fees, teeth, fins, deployable spikes, deplorable teeth," flexible spikes, flexible teeth, 
alttoiatively shaped teeth, intertable or expandable fins, screws, hooks, serrations, ribs,- and 
tex tured surfaces. I '} 

: ! [0025 J Furthermore, the upper and lower endplates also preferably co^ed \yith 

• a b me growth inducing or conducting substjauce to pmmote bony ingrowth to permanently 
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secure the disc to. the adjacent vertebrae. Alternatively, the upper and lower eri(d^lates;may 
have a roughened surface; a porous surfaces; laser treated endplate layers; integrate an : 
ostebcc^uctive/osteoinductive scaffold; or may be provided with or made from an integral 
ostepponduptive and/or osteoinductive material to promote bony ingrowth. The endplates 
S may further include a membrane .and/or aharrier to limit the amount and/or depth of bony 
ihgrowth. 

• [0026] The upper and lower endplates may also have implant instrumentation 
attachment,; guiding, and retainment structures. For example, the endplates may have holes, 
slots, threads, or a dovetail for implanting the implant and/or distracting the adjacent 

10 vertebrae. For example, the disc may include a slot formed in the upper and/or lower , 
endplates, the slot being configured to receive an implant insertion instrument, a distractor 
or both. * | ; ; 

j [0Q2j7] The upper and lower endplates may also preferably include jgjticulafjng 
surfaces, thus providing the interv^ebral cfcc with greyer mobility. The articulating 

15 surfaces preferably including a surface poi^h.or similar wear reducing finish such las 

diamond finish, TASK finish, etc. in order to minimize wear, decrease particle generation, 
aiid increase disc life. ; 

j [002$] In some embodiments, .the Interior of the disc may include aj leaf spring 
attached on one end to the upper and/or lower endplate but unattached on the other end. ' 

20 Disposed between the ends, the leaf spring preferably includes an enlarged convex 

intermediate section which mates, articulates, and slides with the inner surface of one of ithe 

I . ; "... 

endplates. Preferably, the unattached end of the leaf spring is attached to a roller by means 
of an axle, the axle allowing the roller to freely rotate thus permitting the leaf spring to / 
move freely ^hiring the flexing of the spring.' j .'' 

25 j' •; [0029] In some embodiments, 'the: interior volume of the disc includes; an 
articulating member which is attached to the upper or lower endplate. The articjulating 
member preferably being attached to one of the endplate by an intermediate shock ' 
absorbing layer. The shock absorbing layer preferably being an elastomer, polymer fibers, 
polyurethand, silicone, or other suitable elastic material having shock absorbingproperties. 

30 [0030] In other embodiments, the disc generally includes an upper endplate, a 

ioij/er emulate, and a flexible core disposed -between die upper and lower endplites, 
preferably within pockets containing mating : surfaces. The flexible core preferably is either 
a slotted core, a ring spring, a winged leaf spring, or a leaf spring. The flexible member ; 
. ma(y be dimensioned and configured to provide flexion/extension, lateral bendinjg, axial* 
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rotation, and/or. translation, depenc^.g on the loading conditions imparted on the " : 
intervertebral disc. 

{0031] The intervertebral discjinay be implanted in a modular fashion if ■ 
possible, or may be implanted pre assembled. .An anterior, anteriolateral, or lateral surgical 
approach may be used for the intervertebral disc. Furthermore, depending on the 
intervertebral disc to be implanted, a minimally invasive surgical method and/or a| : 
simultaneous distraction and implantation Surgical method may be used. Also depending 
on the intervertebral disc to be implanted, the Anterior Longitudinal Ligament may be 
attached cprectly to thp ( disc or to the adjacent vertebral bodies. The Anterior Longitudinal 
t may be formed from partially demineralized or demineralized autograft, allograft, 



or xenograft Alternatively, the Anterior Longitudinal Ligament may be formed fiom 



biocompatible materials such as elastomers, or braided polymers. To assist with the 
implantation of the intervertebral disc, the intervertebral disc may include alignment 



Brief Description ofthe Drawings 
[0032] To facilitate an understanding of and for the purpose of illustratmg the 
pipsent invention, exemplary and preferredffeatures and embodiments are disclosed in the 
accompanying drawings, it being understood, however, that the invention is not limited to 
this precise arrangements and instrumentalities shown, and wherein similar reference 
cliaracters denote similar elements throughout the several ^ views, and wherein: 

| [0033] Figure. 1 is a perspective? view of a first embodiment of an artificial . 
in ervertebral disc according to the preseirt invention;, ^ ...... 

[0034] Figure 2 is a cross-sectional view ofthe artificial intervertebral; cfisc, of 
Fi gure 1 taken along line A- A; 

[0O3S] Figure 2a is an alternate cross-sectional view of the artificial 
intervertebral disc of Figure 1 taken along line A-A; 

[0036] . Figuire 2b is an alternates cross-sectional view of the artificial 
intervertebral disc of Figure 1 taken along l|ne A-A; 

[0037] Figure 2c is an al<bm^>cross-sectiona] view of the artificial 
intervertebral disc of Figure 1 taken along line A-A; 

[0038] Figuire 2d is an alternate' cross-sectional view ofthe artificial 
mt enrertebral disc of Figure 1 taken along:line.A-A; 

[0039] Figure 3a is a side view of a deployable spike according to the present 
invention. . 
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: Figure 3b is a side view, of another deployable spike acTOr^t^ 



ion. 



• [0^41] Figure 3c is side view o£a flexible spike according to toe present 
ion* - 



[0042] 
preset invention. 

! . .[0044] ■ 



Figure 3d is a side view of alternatively shaped teeth accord|bg to the 

Figure 3e is a side view of anchors according to the present ^airenjion. 
Figure 4 is a c*oss-secti<&al view of a second embodiment of an 



wttficial intervertebral disc according to the present invention; 
10 ' 1 : 10(^45] PiS^e 4A is a * de vie*: : ofthe leaf spring and toDeroftheard^cial ' 
hsl^erte^ 

I [6046] FigureSisacross^f^^ 
irjjtetfvertebral disc according to the present invention; . . - 

i , Figure 6 is a perspective view of a fourth embodiment of an artificial 

15 irate^yerteliral disc according to the present invention; 

• . [0048] Figure 7 is a perspective yiew of a fifth embodiment of an artificial 
. tnlte^erts&ral disc according to thepresen^invention; 

1 [0&49] Figure 8 is a perspective view of a sixth embodiment of an artificial 
jnlteivertebral disc -according to the present,tovention; i 
20 [0050] Figure9isaCTosssectio^viewofaseven&cmbodim 

ar ificial intervertebral disc according to the present invention; 

[0051] Figure 9a is an alternate cross-sectional view of the seventb embodiment 
Of an artificial intervertebral disc accordingto the present invention; 

[0052] Figure 9b is an exploded -view of the seventh embodiment shown is 

25 Fijgpace 9a; 

[0053] , Figure 9c is an exploded; view of the seventh embodiment sfrown is 
Fi^9a;>nd 

[0054] Figure 10 is schematic view of a eight embodiment of an intervertebral 
disc according tb the present invention. 

' I ' 

30 Detailed Pescripti on of the Preferred embodiments ; 

[0055] Any of a wide variety of different implant structures can be prepared 
to the teachings shown by the illuistrative examples of the intervertebral discs 
herein* The intervertebral discs of the present invention are preferably designed 
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to restore the natural spinal curvature (or sagittal balance), disc height, to allow jfip a. natural 
range of motion, absorb shock and to provide resistance to motion and axial coittpression. 

[0056] The intervertebral disc? preferably are sized and adapted for use in the 
cervical, thoracic, and lumbar regions of the spine. Also, the intearvcrtebral discs can be 

5 fckibred for each individual patient allowing for disc characteristics appropriate for the 
individual patient. For example, and artificial disc may be provided having a pair, of 
e&dplates! and a core, and the core of the disc can include different assemblies, different 
components, and/or various types of materials to create the desired dynamic characteristics 
for each individual patient ^ 

10 i {00571 . . Furthermore, the intervertebral discs may allow flexion, extension, 

lftterai bending, rotation, and translation, flexion is movement that brings two pitta ofa 

I ' " *" . i* '<» ■ . 

jdint or body into a bent position; in the spjne, this is a movement m which the spine starts * 

straight and moves into forward bending. Extension is a movement that draws two parts 

alVayirom each other; in the spine, this is ai movement in which the spine starts straight and 

15 n^yes into backward bending. 

silte; in the spine, this movement generally involves bending (lateral) and coupled rotation. 

Rotation is a movement ftat results in a portion of the spine twisting, rotating OT tarning 

with respect to, the axis of the spinal column. Translation is a limited movement that is 

generally transverse to the axis of the spinal ;cplumn. 

20 1 [00581 Additionally, similar to a natural intervertebral disc, the artificial 

injtervertebral discs preferably allow for a moving instantaneous axis of rotation. At every 

in stant for a body in plane motion there is a line in the body or a hypothetical extension of ! 

this line that does not move. The instantaneous axis of rotation is this line. A moving ' 

. instantaneous axis of rotation refers to the ability of the instantaneous axis of rotation to 

25 move translate) as a result of different loading conditions; in other words, the location 

i} the instantaneous axis of rotation moves^ with respect to the disc. The preferred mean 

lion of the moving instantaneous axis of rotation for the lumbar region of the spine is 

preferably in the posterior half of die. disc space or proximal to an adjacent (superior or 

inferior) endplate, preferably proximal to ihe inferior/caudal endplate, the preferrecimean 

30 location of the moving instantaneous axis of rotation for the thoracic region of the spine is 

pr rferably in the inferior portion of the disc space and proximal to the caudal vertebral body 

ex tending posteriorly into the spinal canal, and the preferred mean location of the moving 

im tantaneous axis of rotation for the cervical region of the spine is preferably in .die 

po sterior half of die caudal vertebral body. 
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\ [QQ59) Also similar to a natio^iiiervertebral disc, the response char^cieristics 
of the artificial intervertebral disc are preflrkbly non-linear. For example, in response to 
continued axial compression, the artificial^tervertebral disc preferably undergoes a large 
initial amount of compression followed by noh-linearly decreasing amounts of 

5« comprpssioa. - * 

■ » ' } [0060] Referring to the acooiiipanyiiig drawings, preferred embodiments and 
features of the artificial intervertebral disc'jwjill be described in detail. It is to be noted 
however that these descriptions of specific embodiments and features are merely 
illustrative. It is contemplated that one or jnpre features or elements of the various 

10 embodiments may be combined or used singularly, and that modifications of the various 
embodiments, as well as other embodiments' are contemplated and will be apparent to those 
persons/skilled in the art. 

! : [0061] Referring initially to Figjbre 1, a perspective view of an exemplary first 
embodiment of an artificial disc 10 is sho^ Disc 10, preferably, has a generally Iddney- 

15 bean shaped footprint which includes an anterior side 11, a posterior side 13, and first and 
sejcond lateral sides IS, 17, respectively. Anterior side 11 and lateral sides 15, 17 are all 
substantially convex in shape while posterior aide 13 is substantially concave in shape. 
However, the disc 10 may take on other shapes that generally conform geometrically and 
anatomically with the adjacent vertebral bodies including, but not limited to circular, oval, 

20 ellipsoid, annular, D-shaped, C-shaped, etc. ; 

: ;[0062] As shown, disc 10 incites an upp^ 
arid an intermediate elastic membrane 24, fh^ elastic membrane 24 generally extending 
fojah the upper endplate 20 to the lower endplate 24, preferably, proximate the outer 
pejriph^ofthedisclO. Alternatively, the elastic membrane 24 may surround and ■ 

25 encapsulate the upper and lower endplates 20, 22. The elastic membrane 24 in combination 
with thenpper and lower endplates 20, 22 define an interior volume 26. 

| ;[0063] The elastic membrane ^preferably is formed from an elastomer such 
as jpolyurethane, silicone, a braided polymer,; or any other appropriate elastic material. The 
elastic membrane 24 may be permeable or semi-permeable to allow fluid to flow into and 

30 out of the interior of the disc (as described in more detail below). Alternatively, the 
membrane may be non-permeable. Preferably^ the elastic membrane 24 may resist 
trabslational motion between the upper andjlower endplates 12, 14, and may also prevent 
soft tissue ingrowth between the endplates 12, 14 as well as contain any wear particles 
generated within the interior volume. The elastic membrane 24 may be attached to fixe 
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i^perand lower endplates 12, 14 by any fixation method known in the art mdud^ but not 
jagents, ultrasonic weldgig, screws, nails, mechanical wedgnig| and pins'. 
[0064] Alternatively, the elastic membrane 24 may be in the form of a bellow, 
th e-.beilow assuming an "accordion" or othcfir flexible shape, enabling it to expand and 
a ihtract under the various loading conditidns. The bellow may be rigidly attached to the 
>per and lower endplates 12, 14 by any n^sthod known in the art including, but not limited 
I a circular groove formed in each- endplate 12, 14, bonding agents, ultrasonic welding, 
' , nails, mechanical wedging,: and pins. Preferably, the bellow is made from ametal, 
aljthough omer material such as elastomer^or polymers may be used. In ah alternative 
j 0 embodiment, membrane 16 may be made p£ any appropriate non-elastic material Iqaown in 

! art. . , '.' 

[0065] Wi& reference to Figuw 

>ly, the interior 26 of the disc 10 includes at least one spring element 30; and the 
ctslement 30 may have a longitudinafcaxis. The spring may be oriented suchmat its 
15 lobgitudmal axis is oriented substantially perpendicular to the plane formed by each of the 
rand lower endplates 20, 22. Alternatively, the spring may be oriented such mat its : 
axis forms an acute angle with at least onetff the upper and lower endplates. The spring 
el anent may have a first end which contacts the lower endplate 22 within a pocket or 
gr Dove 32 formed on the inner surface .40 of the lower endplate 22. Such a pocket or 
20 gr oove may prevent lateral displacement ofthe spring with respect to the endplate. An 

ui per end of ihe spring element 30 may engage an articulation member 34 having a spring- 
engaging surface 33 and an' opposite substantially spherical surface 35 . The spring element 
3( i may be fixed to the pocket 32 fand/or the iarticulation member 34 using any appropriate 
& nation method known in the art including, but not limited to bonding agents, ultrasonic 
25 w siding, screws, nils, press-fit, and pins* Alternatively, the spring element 30 and the 
ar iculation member 34 may be integraUy fqnned 

[0066] The spherical surface 3Sbf articulation member 34 may be configured to 
ar iculate within a correspondingly shaped socket 36. formed on the inner surfece 38 ofthe 
up per endplate 20. The interfeoe between tbje articulation member 34 and the socket 
30 may approximate a ball and socket type connection, with the spherical articulation member 
34i able to "articulate within the socket 36. Tike type and amount of articulation desired may 
di< tote the curvature and arc of the spherical , surface 35 provided on the articulation 
m< anber 34 and socket 36. For example, if/the spherical surface 35 has the same radius as 
th< r socket 36, then the disc 10 may provide greater support but more constrained 
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Dftovemfettt. Alternatively, if the socket 36;has a larger radius than the sphericalsiltface 35, 

the disc 10 may provide increased articulation and/or translation. 

[0067] In an alternative embodiment, the socket 36 may iiicoiporate a flattened 

pprtion which may permit the articulationinember 34 to translate within the sockitf, thereby 

5 providing translational movement of the upper endplate 20 relative to the lower endplate 22. 

Bjy providing for such translation, the discjLO may provide a moving instantaneous axis of 

rotation. It is possible for the articulation-member 54 and socket 36 to have contours other 

than spherical in order to achieve the desired articulation motion. Such other contours may 
i 

comprise elliptical or egg-shaped, and muluply-spherical shaped in which the jticu..uion 
10 member and the socket each may comprise at least two separate or cojoined spherical 

i ' v. 

segments. Moreover, while the articulation member 34 and socket 36 are illustrated as 
having contours that generally permit mating of their respective surfaces, the corresponding 
surfaces may take on any appropriate shape to achieve the desired articulating mobility 
between the upper and lower cndplates 20^22.. 

15 [ [0068] While the disc 10 has been described as having the articulating member ; 
; 3^ associated with the lower endplate 22 afid the socket 36 associated with the upper 
endplate 20, the elements may be reversed iso that the socket 36 and articulating element 35 
aije instead associated with the lower and upper endplates, respectively. Furthermore, the 
socket member may be provided integral yiih its respective end plate, such as providing a 

20 ojjie-piece end plate with a hollow spherical inner surface. Also, the socket member and 
articulating element may comprise any appropriate material known in the art, such as 
titanium, stainless steel, polymers such as titea high molecular weight polyetiiylene, etc. 
Furthermore, the articulating surfaces may-include a surface polish or similar wear reducing 
fetish such as diamond finish, TiNi finish, etc. in order to minimize wear, decrease particle 

25 generation, and increase disc life. 

j [Q069] The spring element 30 may encompass any appropriate resilient member 
: kipwn: in the art including, but not limited tp f spiral springs, coil springs, plate or leaf 
spjrings, etc. Moreover, the spring elementio may be formed from any appropriate material 
known in the art including, for example, polymers, composites, or metals such as cobalt- 

30 chromium alloys, titanium alloys, stainless steel, shape memory alloys, and amorphous ' 
alloys. Likewise, the spring element 30 miy. comprise two or more individual spring 
elements provided either in scries, in parallel; or in a combination of series and parallel 
elements, 

j [0070] The selection of a particular spring element may depend on the needs of 
35 the particular patient, however, the spring or springs selected should mimic the properties of 

.12 



WO 2004/016217 



PCT/US2003/025536 



tfje patient's normal izterve.lebral disc, or should be appropriate as required for the 
p^cularprocedure. Thus, springs having the appropriate stiffness in axial compression 
ahd in transverse bending should be selected to provide the following ranges: 
fl ^on/extension - from about 0 Newton-meters per degree (Nm/deg) to about 8 Nm/deg); 
h teral bending - from about - Nm/deg to about 5 Nm/deg; and compression - from about 
1 X) to about 5000 N/mm. Furthermore, t^e outer diameter of the springs selected may 
range from about 5 millimeters (mm) to about 30 mm; and the heights of the springs may 
range from about 7.5 mm to about 12 mm. It is noted thai the preceding are provided as 
representative dimensions only, and the springs used may have any size, shape, strength and 
fl exibility impropriate for the partteudar parent 

I [00711 The use of a spi^g element to 
n ay provide a combination of articulation, translation and .compression/shock absorption 
b stween the upper and lower endplates 20^ 22, and thus allowing for a moving 
instantaneous axis of rotation. Articulation maybe provided through the interaction of the 
articulating member 35 and the socket 36, and/or by bending of the at least one spring 
e ement 30. Compression and shock absorption may be provided by the spring element 30, 
and translation may be provided by bending of the spring element or through the choice of a 
si >cket haying a flattened portion such that the articulating member 36 may translate within 
Hie socket 

[0072] Referring to Figure 2a** disc 10 comprising a plurality of internal 
spring elements 30 is illustrated, each spring element 30 may extend from the upper 
e ldplate ?0 to the lower endplate 22 such that the longitudinal axis of each spring element 
is oriented substantially perpendicular to the plane formed by each of the end plates 20* 22, 
Alternatively, one or more of springs 30 maybe oriented so that their longitudinal axis 
forms an acute angle relative to the plane of one or both of the end plates. 

[0073] The plurality of spring elements 30 may be arranged in a configuration 
q ipropriate to provide uniform shock absorption, load bearing, and tension/compression 
n sistance, or the spring elements 30 may be strategically placed to allow for increased 
resistance to shock and/or compression on one side (Le. anterior, posterior) of the disc as 
compared to the other. Preferably, however, the disc 10 includes at least one central spring 
el ement 30 and at least one peripheral spring element 30 spaced away from the central/ 
soring dement 30. In the illustrated embodiment, a single central spring element is 
St Grounded by a plurality of peripheral spring elements. The central and peripheral spring 
element 39 may have substantially the same stifihess, or their stiffnesses may be different 
Pi eferably, the central spring element 30 may have a stiffness greater than the stifihess of • 
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: ^ij^ipheral spring elements 30. Such a»&r?ngement may result in a disc 1 

central siting which provides primary shobk absorption and resistance during tMj^iitial 
stkges of an axial compression evolution, arid having peripheral spring dements|30 which 
' pioyide secondary shock absorption . and resistance during the later phases of axial 
5 ^mpression. This provides a desirable non-linear 

ideiyi; closely mimic the response of the patent's natural disc. ! . 

I \ : [0074] As shown in Figure 2ai each spring element 30 has first and second ends 
associated With respective upper and lower end plates 20, 22. The first and scxMSnd ends of 
bacli spring may have an associated spherical articulation member 34 configured to mate 
10 ikoi a corresponding spherical socket 36 formed on the inner surface of the upland lower 
endplates 20, 22 as previously described jhe combination of spring and articulation 

\ permits the upper and lower endplates 20, 22 to move with respect to each other* 



Fbi Example, articulation members 34 may articulate within associated sockets 36 so that 
the -upper and lower endplates 20* 22 can articulate with respect to each other without 

15 cferiting resistive torsion in spring elements 3tf that would be present if the ends!of the 

^riiigjs were rigidly connected to the endplates. Alternatively, each spring elenieht 30 may 
6nl3[ be attached to a spherical member 34&n one end, the other end being attached to the 
vppfr or lower endplate 20, 22 as previous'despribeA 
| ! [0075] Referring to Figure 2b*:theidisc 10 may include a plurality df^wing. 

20 elements 30 where only one end of file first spring element 30 comprises a spherical 

en tabulation member 34, and the opposite end of the first spring element 30 as well as both 
ends of thesecond spring elements 30 are disposed within corresponding pockets, or 
rocebses, in the tipper and lower endplates30, 22 (the arrangement and connection of these 
* recesses and the associated spring elements being the same as previously described in 

25 relation to Ihe embodiment of Figure 2), £s shown in Figure 2b, preferably the fest spring 

element 3©is attached to a hemi-spherical^member 34 for mating with a corresponding 

socket 36 located in the upper or lower endplate 20, 22. The plurality of second spring 

elements 30 surrounding the first spring element 30 being attached directly to thb;upper and 

\ \ t + 

lower endplates 20, 22 as previously described. In one embodiment, the first spring may be 

30 attached to one hemi-spherical member 34, and the plurality of second spring elements 30 

may! be may be attached to two hemi-spherical ; member 34. As with the previous! 

^jnbpdimcnts, the number, stiffness, and arrangement of the springs, as well as the selection 

and placement of the articulating elements audj sockets 36 may he made in any combination 

tpippriate to provide a disc that mimics as closely as possible the properties of; the normal 

35 iijtetfvertebr^ disc, or that provides the properties appropriate to the particular procedure. 
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1 [0076]= Referring to Figure 2c, tbe disc 10 may include an elastomeric jsthrt 54 
located peripherally to a central spring element 30. The strut 54 may have a longitudinal 
axis and first and second ends, and eacE end may be associated with an upper or lower 
endplate 20, 22. The elastomeric strut fij* may be seated in a groove 32 formed in the 
5: : associated inner surfaces 38, 40 of the upper and lower endpiates 20, 22 to resist ' 
displacement ;The elastomeric strut 54 may serve essentially the same function as 
peripheral spring elements 30 previously described, i.e. to provide the disc 10 with : ; 
, compression foro resistance and shock, ^sorption and to resist The elastomerib 

| stmt 54 may be formed from any appropriate material known in the art including, birt not 
10 j limited to, polyurethane or silicone. Anjf number of individual struts 54 may be provided, 
' i and the struts individual stmts may assume various shapes in order to provide ttie - . 

i appropriate stif&ess or resistance support for the end plates. Thus, the struts 54 may be . 

I "~*> ■ ' - \; ■ * i ' > • •■ ■ ; . . r..'- *.\ 
[cylindrical, square, rectangular, etc., and they may have any appropriate cross section; such 
i r.<...V-.'. , ■• . c 4 v ■ .: : : ■ i • ' r . . :z, ,i • . ■ ' r\ • • . 
las circular, triangular, elliptical, etc. The struts may also be provided with continuous or 

15 : non-continuous cross-sections, and they may be made up of different layers of materials; 
•such as having alternating elastomeric and metallic or polymer layers. The struts 54 may 
jalso be hollow, or they may be ring-shaped. The ring-shaped struts.54 may be configured 
to surround at least a portion of the first spring element 30. As with earlier embodiments, 
the ends of struts 54 may be connected to! the end plates using any appropriate method in the 

20 art, including press-fit, bonding agents, etc* One or more struts may also be provided to 
inQve within their associated groove or grpo ves. The arrangement, number and 
configuration of the struts 54 is not critidaii, but instead may be any combination desired to 
provide a disc 10 that mimics the properties of the patient's normal intervertebral: disc, or 
that provides the properties appropriate tOj tfie particular procedure. : * 

25 [0077] " The inner surfaces 38; '40 of endpiates 20, 22 may be porous to allow die 

Elastomeric strut 50 to be integrated into the corresponding surfaces of the upper and lower 
. endpiates 20, 22 during manufacture such as by molding the elastomer to the endplate. : A 
! jnembrane and/pr barrier may also be included within endpiates 20, 22 to limit the depth of 
impregnation and bony ingrowth respectively, 

30 [0078] The disc 10 of this embodiment also may include a membrane 24 and a 

valve (not shown), the valve providing aceiess to the interior 26 of disc 10 so that fluid may 
bjp injected into, or removed from, the interior 26 of die disc 1 0. The valve preferably is a 
^; one-way valve, as known to those skilled in the art, so that the fluid, once injected, can not 
escape ftom the interior 26 of the disc 1 0. : Preferably, the valve is disposed through thei 

35 elpstic membrane 24, alternatively however; ,• the valve may be disposed through. the upper 

15 



ana7or^erendplates20,22. >yhefflthl valve is disposed o» the upper and/o^wer 
ea&JatesiO, 22, a passageway pra£^| is include 
interior 26 of the disc 10. .:>. 

[0079] The fluid may be a giis, a liquid, a gel, or any combination thereof that 
5 is sufficient to provide shoek absorption during axial compression of the disc My while also 
pezmittmg limited articulation or movement of me upper endplale 20 and lower endplate 22 
with reject to one another. Preferably, ihe fluid is incompressible, for example,, saline or . 
minferal water; m use, the fluid may be.iigjeeted into the interior 26 of the disc M before 1 
mserfionofme disc 10 between adjacenfivertebrae . Alternatively, me fluid may be 
10 injected in situ to facilitate insertion of disc 10 and subsequent distraction between adjacent 
vertebrae. The rigidity and distraction capability of tfie disc 10 may be a function of toe. 
amount of fluid injected into the mterior26ofmedisc 10. Generally, the more fjuid 
: provided in the interior 26 of the disc ltyfte more rigid the disc 1 0, and the greater the 
distraction capability. Furthermore, pliability and increased articulation may be realized by 
15 filling only a portion of the interior 26 of the disc 10. Finally, variably filling the interior 26 
of the disc 10 with fluid permits the overall height H of the disc 10 to be varied as necessary 
depending on the needs of the mdividvuaj>atient. 

0M)8O]: Depending onthelricj&on of the spine where the disc 10 is-i^rplanted, . 
me disc Mpfe^bly restore hdgm m th^ 
20 : millimeters. In addition, the disc 10 preferably restore lordosis in the range between about 
b° .to about 20*. The disc 10 preferably aiso restore stiffness from about I Nm/ddg to about 
11 Nm/deg in axial rotation, about 0 Nm/deg to about 7 Nm/deg in flexton/extension, and 
riwutO Nm/deg to about 5 Nm/deg in lateral bending, m addition, me disc 10 preferably 
Offers compression stiffness from ; about! l|O0 N/ttot to about 5000 N/mm and tension 
25 stiffness from about 50 N/ram to about 1CIG0 N/mm. Furthermore, depending on the ; 
location of me spine where the disc 10 is fcttplanted, the intervertebral disc 10 preferably 
allows fiw a range of motion of about 5* tjo about 45° in flexion/extension, of aboitt 3° to 
about 33° in lateral bending, and about l d . to about 60" in axial rotation. The intervertebral 
disc 10 preferably also allows for axial oppression in the range from about 2 mm to about 

30 2mm, * 

' [0081] Preferably, the. upper and lower endplates 20, 22 are formed of metal, 

■ * i 
such as titanium, stainless steel, titanium alloys, cobalt-chromium alloys, shape memory 

alloys, or amorphous alloys. Alternatively, however, the upper and lower endplates 20, 22 

i lay be framed of polymers including rigid polymers, PEEK or UHMWPE, ceramics, 

35 c omposttes, bone including cortical, cancellous, allograft, autograft, xenograft, 
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.depenalized or partially demmeialized|bone, or any other material appropriate.* serve as 
k£f bearing supports. More preferably ,lhe materials chosen for the endplates;^ chosen 



isJ'as to.minimize wear. 



; [0082] Furthermore, piefera&y, any articulating surfaces in the ii^BhjjBrtebral 
5 idiscs of the present invention include a s^rfece polish or similar wear reducingfimsh such 
jasrdiamond finish, TiNi finish, etc. in order to minimize wear, decrease partic%generation, 
• and increase disc life. * 

[0083} The outer surface of fee.upper and lower endplates 20,22nmybp 
supstantiflllyflat, wedge-shaped, etc, Tlte; outer surfaces of the upper and lower endplates 
10 . W;22.may also be dome shaped with tbiir radii defined in the sagittal and coronal planes to 
generally match the shape of the ends of&e adjacent.vertebral, thereby prpvid&g a better 

\ K' ..[00843 lhaddition, asshowriinFigure l.thedi^ 

resistant features, such as, for example, s&jke-like structures IS on the outer su^&ces of the 
15 : upper and lower endplates 20, 22. The migration resistant features may fecilitaie 

engagement of me disc 10 with the ends£f the adjacent vertebra by providing.^ mechanical 
interlock as a result 6f penetration and/6rj defc«nation of the ends of the adjacent vertebrae. 
^TKe Mmd.mechanical stability afforded [by spikes 18, for example, minimizes lhe,risk of , 
pH>^-^erative instability, movenient, dislodging or expulsion of ^e disc 10. Other 
20 . migration resistant features may mclude,%imout limitation, flaps, tee|h, deployable teeth, 
depjoyable spikes, flexible spikes, flendble teeth, fins, insertable or expandable fins, • 
anchors, screws, ridges, serrations, or other similar texturing on the upper and lower 
4ndpiates>0, 22. As shown in Figure 3ai',deployable spikes 41 may be provided, and a cam 
^ecbamsm43 :maybeused_to deploy thejipikes. Alternatively, as shown in Figure 3b, the 
25 deployable spikes may be configured to be; deployed by an instrument (not shown). As 
shown in Figures 3c through 3e, respectively; examples of flexible spikes 44, shaded teeth 

45/and aschors 46 are shown. Altematiyldy or in addition, bonding agents may alto be. 

: • . :: i * ••• 

lisai to secure the disc 10 to adjacent vertebra. t? y : 

. t . , ^ . . . * . ^.i .... . * ... . . ^ . . . ; 

; : [bG85] _ Furthermore, the uppejriand low endplates 20, 22 may also be; coated 
30 with a bone growth inducing substance, siuch as hydroxyapatite, to promote bony ingrowth 
tb permanently secure the disc 10 to the adjacent yertebrae. Alternatively, the upper and 
lj>wer endplates 20, 22 may have a roughened or porous surface to facilitate bony ingrowth. 
Alternatively, the upper and lower endplaies,20, 22 may have laser treated endplate layers 
t > create a porous structure, or may integrate an ostcoconducti ve/osteoinductive-scaffold. 
35 1 he endplates 20, 22 may also be made ftfcm an osteoinductive and/or osteoinductive 
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\ ibUaN- to promote bony ingrowth. Tn^endplates 20, 22 may further include ggmhrme. 
; ;jat^c«.bam«-to.l^ 

\\\ '. [0086] The upper and lownjsendplates 20, 22 may also have implant 
. ^instrumentation attachment, guiding, an^retaining structures. For example, me;eadplates : 
5- '■ 20, 22 may have holes, slots, threads, brja dovetail for accepting a tool used to Hnplant 
ijand/or distract the vertebrae. For example, the disc may include a slot formed hji the upper- 
jan^OT lower endplates 20, 22, the slot (som^ 
: instrument, a distractor or both. 

! • ' [0087] As a result of me material and structural components used, thediac 10 
10 : jean allow flexion/extension, lateral bending, axial rotation, and translation, depending on ••• 
'jhe loading imparted on the interyertebri disc. In addition, under various spii^ loading 
conditions resulting from spinal movements, the spring element 30 can compress, tilt, 
articulate and/or bend varying amounts, 

f : ! [0088] With reference to Figures 4 and 4a, a second exemplary emb.cataeatof 
15 aaintervertebral disc 100 is shown. Similar to the previous embodmients desciaed, the 
: external configuration of disc 100 may take on any shape that generally conforms 
. geometrically and anatomically with theiadjacent vertebral bodies including, but not limited 
to circular, oval, ellipsoid, annular, kidney-bean, D-shaped, C-shaped, etc. Aa shown, disc, 
lob includes an upper endplate 102, a low* endplate 104, and an mtermediate elastic 
20 membrane 106, the elastic membrane 106 in combination with the upper and lower 

Wdplates 102, 104 defining an interior volume 108, The endplates 102, 104 and Elastic • 
i jnemhrane 106 are similar to those endpfates and clastic membrane described previously In 
. .^el^ontoothCTembodteients. The disc 100 may also include a valve (not shown), H?e 
Valve providing access to the interior 1 O^of the disc 100 for permitting the insertion of* or 
25 Removal b£ a fluid as pxwously describ^ in relations to other embodiments. Disc 100 
may also include migration resistant features, permanent fixation means and/or implant . 
instrumentation attachment* guiding, andj retaining structures as previously described in 
Relation to Figures 3a - 3e and previous embodiments. 
' * ' ' [0089] Disc 100 further ma^include a leaf spring 110 having a first laid 112 
30 I and second end 114. The first end 1 12 ntiay be attached to the upper endplate 102, while the 
^econd end 114 of leaf spring HOmay comprise a roller 130 capable of rolling cm the inner 
^urfece of the upper end plate 102. The leaf spring may have a central portion 116 disposed 
tjetween the first and second end 112, 114; and this central portion 116 may comprise a 

tLcavo-convex shape. The convex surface may generally face the lower end pl ate 24 and ! : 
concave surface generally facing the upper endplate 24. Lower end plate 104 may 
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jcomgyise a surfece configured to. jMcq^mtennediate section 116 which itselfiaxtfmfigiired 
itp mate, articulate, slide and pivbtwith :4e inner surface like a ball in a socket While the 
[leaf spring 110 is described herein as attbhed to the upper endplate, it may alternatively be 
I attached to the lower endplate 104 so that its concavo-convex intermediate section 116 
5 jinterapts with the inner surface of the upper end plate 102. It is noted that although the 
larticulating surfece of leaf spring ,1 10 ispustrated as being disposed near the center of the 
! leaf spring, the articulating surface may be located at any point along the length and/or 
[width of the leaf spring, as appropriate, to provide the desired articulation. . . 

j , [009a] The second unattached end 114 of leaf spring 110 may be provided with 
10 : ja roller 130 on an axle 132, the roller 130 being freely rotatable about the axle 132. The . 
;secbnd end 114 of leaf spring 110 may slide or roll along the inner surface of the upper 
i endplate 102 during axial loading or compression and during axial unloading or tension.. 
. The leaf spring of this embodiment is thus allowed to translate as it is flexed, providing a 
greater range of flexibility compared to leaf springs constrained at both ends. la an 
IS alternative embodiment, the leaf spring tip may. have a rounded end instead of a roller 130 
for sliding directly along the inner surface of the upper endplate 102. 

^ Ij0091] The lower endplate 104 may comprise a pocket 106 for receiving a pad 
120. The pad 120 may have a lower surface for engaging the lower endplate 104 / and an 
upper Surface comprising a concave section 122 configured and dimensioned to mate with 
20 the enlarged intermediate convex Section 116 of leaf spring 110. The type and amount of 
articulation provided by the spring and pad may be adjusted by controlling the curvature 

provided on the intermediate section 116 and concave section 122. Where the intermediate 

*■ . *r . •■ .. ^ ; * . * :f;0.~: * t • <j: V'.*: ■'. ./ . ,3 . 

lection 116 has the same radius as the concave section 122, the disc 100 may provide ». - 
jgreatef support but more constrained movement Alternatively, where the concave section 
25 122 has.a larger radius of curyatufe than : the intermediate section 116, die disc may provide 
increased articulation. ! • 

j [0Q92] The inteimediaie meaaber 116 and concave section 122 may also take on 
|>ther contours to achieve the dfcsired artiwdation. The concave section 122 of ike ipad 120 
may be convex to mate with a concave intermediate section 116. Moreover, whale ;the 
30 ' concaive section 122 and intermediate member 116 are shown with contours that generally 
; sennit mating of their surfaces, npn-ma%g contours may be provided to achieve the 
oeskejlarticulation. 

- : [0093] Furthennore, the compression and sliding of leaf spring 110 may vary* 

ilepen.ding on the area, or areas of loading. ;For example, loading one end of disc 100 may 
• \ * * • • » 

35 i esultin. greater compression of disc lOOiwhen compared with an opposing end Of disc 100. 
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.AdtUtjLpnally, the pad 120 and the pocke£106 may be configured to allow the p&a to 
^translate within thejpocket 10& The vasjjrag movements, compression, of leaf spririg 
110 and translationiof leaf spring 110 with respect to the pocket J 05 may allow: a moving 
[instantaneous axis 6f rotation. 
• '5: 10Q941 Leaf spring 110 maybe formed from any appropriate material known in 

jthe art including, for example, polynxers^.'ceramics, composites and metals, such as cobalt- 
^chromium alloys, titanium alloys, stainless steel, shape memory alloys, and amorphous, 
alloys; The pad 120 may likewise be formed of similar materials. 

£0095] Depending on the location of the spine where the disc 100 is implanted, 
10 |the disc 100 preferably restores height, natural spinal curve (or sagittal balance), stifihess, 

;offers compression stiffness, and allows a range of motion similar to that described in ; 

; i «■ . 

trel^OT to previous- embodiments. 

. [0096] "With reference to Figure 5, a third exemplary embodiment of an 
^intervertebral disc 150 is shown. Similar; to the previous embodiments described, disc %S0 

IS jnay take on any shape that generally eorifoims geometrically and anatomically with the 
;adjaceot vertebral bodies including, but not limited to circular, oval, ellipsoid, annular, ' 
jkidneyrbean, D-shaped, C-shaped, etc. As shown, disc 150 includes an upper endplate 152, 
\ |a lower endplate 154, and an intermediate elastic membrane 156, the elastic membrane .156 
in combination with the upper and lowertendplates 152, 154 defining an interior volume 

20 [158. The endplates 152, 154 and elastic membrane 156 are similar to those previously • 
^described in relation to other embodiments. The disc 150 may also include a valve (not 
. |shown)i the valve providing access to the interior 158 of the disc 150 for permitting the 
insertion of, or removal of, a fluid as previously described in relations to other 
[embodiments. Disc 150 may also include migration resistant features, permanent fixation 

25 means and/or implant instrumentation attachment, guiding, and retaining structures as 
previously described in relation to Figures 3a-3e and the previous embodiment^.' 
; E0097] Disc 150 may further include a medial articulating member 160 attached 
jto one of the upper or lower endplates 152> 154, preferably the lower endpiale iS2, The 
articulating member 160 may have a convex lower surface 162 that is configured and ; 

30 dimensioned to articulate with respect to concave surface 164 formed on the mier surface 

i • ■ 

pf one of the lower endplate 154. The curvature of the corresponding articulating surfaces 
jl62, 164 may be manipulated as necessary to provide the desired amount of articulation and 
translation between the endplates 152, 154, as has already been described in relation to 
pther embodiments. 
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pQ9&\ . Alternatively, the arU<^s^gm^ bCT l 62ma y com P^ a f ,I ^ ave 
^er snrface configured and dimensioned to mate and articulate with isspecttb. a convex 
sur^ce.formed nn the iimer surface of the.opposing endplates 152, 154, Furthe^inore, the 
^ncave^surface 164 may be integrally fiwmed on the inner surfaceof one of the endplates 

5 -152- 154 or it may be separately formed and mounted mereon. Mountmg the concave 
kurfece 164 onto the inner surface of on^of the endplates 152, 154 permits the concave 
^urfece 464 to be made fiom a material (Efferent from that of the associated endplate, &t 
jejca^le, polyethylene or other polymer^cir a shock ^absorbing material may be provided, as 
: jdesc^edinmore detail later, v 

10 ! \v [6G99] The articulating meaner 160 

ks£ 9 154 by any fixation method knovra.iir the art including, bttt not limited to bonding : 
iagsa^&tr^ Inferably,- 
■however, the articulating member 160 may be attached to one of the endplate 130, 152 via 
•an intermediate shock absorbing layer 170L The shock absorbing layer 170 may be an . . 

15 ]el*tomsr, molded or bound polymer fibers, polyurethane, silicone, or any other suitable 
[elastic itiaterial haying the appropriate slk6ck absorbing properties. Articulating metier 
i!60 may be fiibricated from a metals, polymers, composites, ceramics, or any combination 

• . . ' £€Oiop] The disc 150 may also include an additional elastic m^ 
20 iconfignred to confine and/or secure the akticidating niembear 1 60 to one of the endplates 
!l52, l54, and/or to encapsulate the ^oc^ absoibing layer 170/ The additional ete 
jmenteane may be a bellow which may provide shock absorption, coW*^ 0 ^ 
jand added stability for the aiticulatingii^e^er 160 in shear. 

j ! • [0O101] Depending on the location of the spine where the disc 150. is implanted, 
25 jthe disc:l§0 preferably restores height* natural spinal curve (or sagittal balance), stiffness* 
|offefe;compression stiffiie$s, and allows ira^e of moti 

» . * - " • • , • • ' -f, ' r. ■ * - ' r ..... 

j . ■ - * - • HI «■•». - . ^ » t 4 > , ., f . * * . 

jrelatibn.to previous embodiments. 
' I : £0.0102] As a result of the materials, geometry, and components used,; dike 150; 
can allow flexion/extension, lateral bending, axial rotation, and translation, depending join 

30 [the loadiag conditions imparted on the intervertebral disc. In addition, under various spinal 
jioading conditions, the shock-absorbing layer disposed between the articulating member 
[160 and one of the endplates 152, 154 cm;compress and/or bend varying amoprts, 
depending on the location of the compressied and/or bent area with respect to the area or • 
areas of loading* Furthermore, disc 150 permits different regions of the disc 150 to 

35 . compress varying amounts. 
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. £00103] With reference to Fij^ure 6, a fourth exemplary embodiment of an 
intervertebral disc 200 is shown. : Disc i|j0 ; has a generally circular shape with an upper , 
endplate 202. a lower endplate 264, and |a slotted core 206 having an upper carved surfece 
•anda lower flat surface. The disc 200 may take on any other shape that appropriately 

5 -conforms geometrically and anatomically with adjacent vertebral bodies, including, but nqt 
limited to, Wdney-bean shape, oval, anntdar, ellipsoid, C-shape, D-shape etc. Other features 
described previously with respect to the fcther embodiments, such as the migration resistant 
structures; permanent fixation features and/or implant instrument attachment, guiding, and 
retaining structures may be included on endplates 202, 204. Furthermore, the outer surfaces 

10 of the upper and lower endplates ;202,204-may be substantially flat, wedge-duped, etc. 
•The outer surfaces of the upper and lower endplates 202, 204 also may be dome shaped 
with their radii defined in the sagittal and coronal planes to generaUy match file shape of the 
ends of the adjacent vertebrae, thereby providing a better fit in situ. Preferably, the upper . 
and lower endplates 202, 204 maybe made from metal. However, the upperand lower 

15 ;.endplate 202, 204 may alternatively be made from any of the endplate materials previously 
? described:™ relation to earlier embodiments. 

[00104] As shown, the lower^endplate 204 preferably includes a pocket 208 
located oh its inner surface, the pocket 2|>S designed to receive Ihe lower flat surface of 
slotted core 206. Alternatively, the slotted core 206 and lower endplate 204 may be formed 

20 'as m integral piece. Where the core is formed as a separate piece, it may comprise a 

^different material ftom the end plate 204> thus, a metal end plate may be provided having, 
for example, a polymer mating feature core 206. 

E00105] Where die core 206 4&<i endplate 204 are formed separately, Ae disc 
j200 may also include a c-ring (not shows) or similar structure, such as a lip or ring located 

25 twithin or actfacent to pocket 208, to retain the core 206 within the endplate pocjeet 208. 
jSuch a ring may be configured to prevent the core from translating with respect to the 
endplate 204, or it may allow traiislation : ojFlhe core in one or more directions* ! 
'Alternatively, the core 206 may lie retained in pocket 208 by means such as welding, press- 
fitting, stikmg, or bonding a cap (not shown) to the lower endplate 204, the cap covering a 

30 portion of ihe core 206. 

! [00106] Although pocket 2089is shown as having a circular shape, the pocket 
may take on any other appropriate shapejmcluding, but not limited to oval, elliptical, 
jridney-bean shaped, rectangular, etc. Where the core and endplate are formed as separate 
pieces, pocket 208 may be wider or longer than slotted core 206, thus aUowingjthe core 206 

35 to translate within the pocket 208 during ; :operation. Alternatively, the pocket 208 may 
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: a^evarious;dim^^^ ; 
wtothepoctetonly along specifications/ Thus, (he pocket may be pooled with a 

same general width as the core in' all directions but one, the pocket being widef than the 

cote m that onedirection (e.g. the anterioposterior direction). Thus, a pocketithat is wider. 

S -than the core along the anterior-posteriof. axis may allow the core to translate in the 

. anterior-posterioT direction during use. S^rresponding modifications to the pb^ 1 

geometry may be made to allow translationin other directions, such as raedia^latecal 

translation. '. < ' i- • 

' [00107]: . The inner surface ofjfbe upper endplate 202 may have a coneaye mating 

10 feature 210 configured to accept the uppjer curved surface 212 of the slotted ©0^206. 

'pteferably, the mating feature 210 aUo4s the upper end plate 202 to articulate ynk respect 
' to the slotted core 206. This mating feature 210 may be integral to the upper end plate 202^ 
or it may be formed as a separate piece, jfit to the end plate. Where the mating feature is 
.fbnned as a separate piece, it may comppse a different material from the endplate 202. 

15 Thus, a trietal end plat© may be provid^ having, for example, a polymer mating feature 

210, ; ! . \.l j , „ ;Li : 

I00108]i As previously descried in relation to other embodiments; tiie 
. -articulating surfaces may be reversed, tih^[ is. _ mating feature 210 may be provided in 

convex form, and the slotted core may bpproyided with a concave surface. Fhirthermore, ■ 
20 the type and amount of articulation and/pr translation provided by the disc of jtttfs . 
embodiment may likewise be adjusted by. adjust 

; surfaces as previously described in relation to other embodiments. By allowing articulating 
and translational movement betwe<en thejendplates, a moving instantaneous qop of rotation 



is allowed that approximates the motion 



of a natural intervertebral disc. 



25 [001 09] The slotted core 206 may be resilient, allowing it to compress jmder 

axial loading,. thereby providing shock a ^sorption. Thus the core 206 may havejat least one 
slot 216 cut into its periphery. Slots 216j may be straight or curved and may extend 
horizontally, vertically, or obliquely. Slijts 216 may also vary in length and widthj and may 
be provided at various depths through .the icore. The slots 216 may increase the 

30 'compressibility of slotted core 206 and thus, give additional shock absorbing qualities to the' 
disc 200. The arrangement and configuration of the slots provided in the core 206 may be 
t>f any combination appropriate to provide.the desired degree of compressibility. 

[001 1 0] Although shown as having a round footprint the slotted core 206 may 
jbe. any other shape including oval, rectangular, elliptical, and kidney-bean. Preferably the 

35 shape of the slotted core 206 matches with the shape of the pocket 208 formed on the inner 
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UifeceoftihelowereiidplatelOi Slott^core206maybefonned&ommai^al» . 
Including, for example, ce^cs^omp^tes, polymers, 01 metals such as <^balNto>mium 
Uoys, stainless steel, and titanium alloy* Alternatively, slotted core 206 may i>e made up 
[of two components (not shown) of differing materials. Also, as previously stated, the 
jslotted core 206 may be made integral with the lower endplate 204. 

[00111] Disc 200 may also include stiffiiess restoration features such; as an 
elastic membrane, an elastomer ring, belfow, springs, or fluid as previously discussed in 
relations to other embodiments. IDisc 20j):may also incorporate additional shock absorbing 
features as 'previously discussed m relations to other embodiments. 

. [00112] The disc 200, endplates may have migration-resistant structures provided 
. ^mmeoutersurfaceofatleastoneor^ 
jdistodgmgj or expulsion of the endplaieswithin and from the ends of the adjacent vertebrae. 
iThe migration^esistant structures inchide> but are not Umited to. flaps, spikes,^ fins, 
ideployable, spikes, deployable teeth, flexible spikes, flexible teeth, attemativel^ shaped 
15 teem, insertable or expandable fins, screws, hooks, serrations, ribs, and textured surfeces. 

[00113] Furthennor^ the upper and lower endplates of disc 200 also may be 
coated with a bone growth inducing or conducting substance to promote bony ingrowth to 
. permanently secure the disc to the adjacent vertebrae. Alternatively, the upper and lower 
endplates may have a roughened surface; a porous surface; laser treated endplate layers; 
20 Integrate an ostfioeonductive/o^ 

ifiom an integral osteoinductive and/or/osteoinductive material to pronjotebony mgrowm. 

[001 14] Depending on the location of the spine where the disc 200 is implanted, 
the disc 200 may restore height, jlardosis^stinhess, offer compression snShess,':and allow a 
range of motion intended to mimic that of the natural intervertebral disc, or as inquired for 
25 the particular procedure. 

[00115] In addition, preferablfc afl discussed with previous embodiments, the 
articulating surfeces of disc 200 dncludeisurfece polish or similar wear reducing finish 
such as diamond finish, TiNi finish, ete. : in order to minimize wear* decrease particle 
generation,! and increase disc life. \ - 
30 [001 16] As a result of the materials, geometry, and components use<k disc 200 

can allow flexion/extension, lateral bending, axial rotation, and translation, depending on 
the loading conditions imparted on the intervertebral disc. In addition, under various spinal 
loading conditions, the slotted core 206 pan variably compress and allow for different 
regions of fce slotted core 206 to compress in different amounts, depending on the location 
35 and type of spinal loading, thus ^owingdtferent regions of the endplates 202*204 to be 
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Ibompiesjsed different amounts. This variable compression of slotted core 206 also allows - 
ifibra moving instantaneous axis of rota^n. 

!' [00117] With reference to Figure: 7, a fifth exemplary embodiment of an 
intervertebnd disc 250 is shown. Disc 2$0 has a generally circular shape with an upper 
5 locate 252, a lowers Disc 250, however, 

Iniay take on omer shapes that ^ 

jadjacent vertebral bodies, including, trait not limited to, kidney-bean shape, oval, annular, 
iellipsoid, C-shape, D-shape etc, 

[00118] As shown, ihelowef ^Ute2M preferably mem 
10 ilocatedon its inner surface, the pocket 266 is designed to receive a ring spring 258 having a 
itaperedouter surface, and a cylindrical inner surface. Preferably, me pocket 260 has a 
itapered inner surface for mating with the' tapered outer surface of me ring spim^ 
fAlthough pocket 260 is shown as having ;a circular or coiucaj shape^thepociketi^may 
jtake on any other shape including, but not limited to oval, elliptical, kidney-bean, or 

.15 i rectangular. ... ^ 

[00119] Pocket 260 may be l^er m dimension than the rmg sprmg.258 to. allow 
jthe ring sprmg.258 to translate As with me pocket of me preyiouB 

jeinbonunent, pocket 260 may be specifically dimensioned to allow limited translation of the : 
' ring sjamg 258 m one dhecrion. By ^ . 
instantaneous axis of rotation is created^lhis moving instantaneous axis of rotation more 
naturally replicates the motion of a natural intervertebral disc. 
\ [00120] The disc 250 may al#> include a c-mg (mt shown) or sM^ 
j stnipturfe, such as a lip or a ring located within or adjacent to the pocket 260* toretain the 
jring spring 258 in the pocket 260. Alternatively, the ring spring 258 may be retained in 
pocket 260 by any means known in the art including, but not limited to, welding, press- 
fitting, staking, or bonding. As previously stated, the ring spring 258 is mainhiined in the 
pocket 260 in a manner permitting the rmg spring 258 to translate within packet 260. In 
lone embodiment, the ring spring and caj>may be retained in the pocket 260 by a lid that 
' engages .fiie lower endplate 254 and that covers at least a portion of the ring spring 258 
and/or the cap 256. 

[00121] The ring spring 2S8 is preferably a spring-like element that compresses 
under axial loading to provide shock absorption, flex and compression resistance.! Although 
shown as having a general "C" shape with a circular footprint, the ring spring 258 may be 
any other shape including oval, rectangiiar, elliptical, and kidney-bean. Preferably the • 

shape of the ring spring 2S8 matches with the shape of the pocket 260 formed on the inner 

* • .» 
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surface the lower endplate 254. \ The ring spring 258 may be fonned of any 
matenal known in the art including, for example, ceramics, composites, polyn|ers or metals, 
such as cobalt-chromium alloys, stainless steel and titanium alloys. S 

[00122} As shown, the ringispri,ng 258 has a top surface 264, aboflom surface 

5 266. anouter surfece,268 and an inner surface 270 defining a central bore 272;foi : mating 
with a shank 276 fonned on the cap 256.: Preferably, the outer surface 268 of jhering 
spring 258 is tapered to mate andengage with the inner surface of the pocket Up. In 
addition, the ring spring 258 may include at least one slot 262 formed and/or cW into its 
periphery. The slot 262 may be straight or curved and may extend horizontal^,, vertically, 

la or obliquely. The slot 262 may also vary in length and width. Preferably, as sjiown, the 
ring spring 258 ibcludes one vertical slot 262 extending from the top surface 2^4 the bottom 
surface 266 of the ring spring 258, and extending from the outer surface 268 4 tire inner 
surface 270 of the ring spring 258. The inclusion of this slot 262 increases toe 
compressibility of the ring spring 258 and thus provides additional shock absorbing 

15 ^alrtiestothedisc250. j 

{00123] la an alternative endipdfment, the ring spring 258 may incorporate a 
plurality of slots 262 (not shown) running from the top and/or bottom surfaces; 264, 266 
part way through the thickness of the ring spring 258 to provide desired compressive 
characteristics of the disc. 

20 : [00124] . The disc 250 may also include a cap 256 having an enlarged body 
section 274 and a shank 276. The, juncture between the enlarged body section!274 and 1he 
shank 276 may form a shoulder 278, the shank 276 e configured and dimensioned to be 

« ..." * 

: received within the central bore 272 of the ring spring 258, and the shoulder configured to 
I engage the top surface 264 of the ring spring so that the cap 256 may sit on top <tf the ring 

25 I spring 258 when the two pieces are assembled. In one embodiment, the central bore 272 is 
larger than the shank 276 thus permitting compression of the ring spring 258 yi* closure of 
: the gap created by the at least one slot 2<S2 when a compressive force is placemen the disc 
250. Also, providing a central bore 11% which is larger than the shank 276 miy permit the 
cap 256 to translate with respect to the nngispring 258. 

30 : [00125] As previously described, the shoulder 278 of cap 256 contacjts the top 

: surface 264 of the ring spring 258; Thus, axial loads applied to the cap 256 mpy be 
transmitted directly to the ring spring 258, pressing it down into the pocket 26p. As the ting 
j spring 258 is pressed into the pocket 260, the tapered outside surface 268 of the ring spring 
!710 : engages the tapered surface of the pocket 260, in the process compressing the at least 

35 lone slots 262. Tins elastic compression of ring spring 258 under axial loading provides the 

i .■ ' ' 5-1 
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desired shock absorption and corapressi^ restetance. The size of and ninnber^f slots 
■provided in the ring spring may be setec^d as appropriate to provide the desire^ 
compressive characteristics of the disc. . 4 : 

[00126] The axial displacement of the ring spring 2S8 may be limited by 
5 decteasmg.the depth of the pocket 260, ijy decreasing the vvidthofthe slot 262, jby 

. increasing the thickness and/or length of the shank 276, or by a combination of any or all of 
theseoptions. Artetnatiyely. a ccnlspring\or elastic layer (both not shown) ma>! b^ swppH^d 
in me pocket 260 to provide an upward bias to the ring spring 258. 

[00127] The disc 250, as previously stated, also includes an upper erjdplate 252. 
10 Pr^erably, the inner surface of the upper .endplate 252 includes a matu^ 

is dimensioned and configured to mate v?th me lop surface of the enlarged body section 
274 of the cap 256. Preferably, the mating surface 280 on the upper endplate 252 has a 
concave surface configured to ardculate.With a convex surface formed on the ^surface of 
the cap 256. Alternatively, the niating sittface 280 may comprise a convex suttee and the 
15 .topsurfeceoflhe cap 256 may be concave. As previously described in relatiotfto other 

embodiments, the degree of curvature maybe adjusted for either or both surfaces in.order.to 
provide the desired articulation and/or translation between the upper endplate and the cap . 

256. • . . •, ' ' , ' ] '■ _ 

[00128] In an alternative embedment^ the mating surface 280 is provided as a . 
20 separate piece from the upper endplate.252. The mating surface 280 in such a case may : 
comprise a material different from that &t the endplate 252 (for example, the enjflplate may 
•be ; tit^um while tte The articulating surfaces of 

I disc 250 may also, include a surface polish or similar wear reducing finish such as diamond 
1 finish, TiNi finish, etc, in order to minimize wear, decrease particle genexation,fand increase 

25 ;discli& v J : . / . V s ' 

![00129] fa an alternative erafodiment, the separate cap 256 may bd Eliminated; 
. and th£ ring spring 256 may incorporated convex upper surface 264 configured to articulate 
■within flie. mating surface 280 of the upjier endplate 252. 

[00130] The disc 250 of this, embodiment may comprise the additional features 
described previously with respect to the^rther embodiments, such as migration resistant 
1 structures, permanent fixation features such as porous surfaces or coated surfaces, and/or 
implant instrument attachment, guiding^and retaining structures may be included on 
; end^ates 252, 254, Furthermore, the outer surfaces of the upper and lower endplates 252, 
j 254 may be substantially flat, wedge-shaped, etc. The outer surfaces of the uppjsr and loWer 

35 I endplates 252, 254 may also be dome shaped with their radii defined in the, : sagftfial and 

» ■ « ' i • 
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corjonal planes to generally match the dupe of the ends of the adjacent vertebr#f thereby 
pnfod&g a better fit in situ. The outer;ifaces may further comprise * ?* ovb > 
sl<& or other features appropriate to aUcw.tbe disc to be engaged by an insertion instrunusnt. 
Preferably, the upper and lower endplates 252, 254 are made from metal. However, the ; 
5 iqjper.and lower endplate 252, 254 may ^ernatively be made from other materials as ' 
previously described. 

' i [00131] Disc 250 may also iiiclude stifBiess restoration features such as an j 
elastic membrane, an elastomer ring, bel£w, springs, or fluid as previously discussed in; 
relations to other embodiments. Disc 250 may also incorporate any of the shock absorbing 
10 feaiturts previously discussed in relation/to other embodiments. 

: [00132] Depending on the location of the spine where the disc 250 is imp^ted^ 
the disc 250 preferably restores height, lordosis, stiffcess, offers compression stiflkess, and 
allows a range of motion similar to that described in relation to previous embodiments. 1 
[00133] As a result of the materials, geometry, and components used* disc 2^0 
1 5 can allow flexion/extension, lateral btmdfag, axial rotation, and translation, depending on 
the loading conditions. In addition under various spinal loading conditions fhexing spripg 
258* can compress varying amounts. This varying compression of ring spring 258 allocs 
. for a moving instantaneous axis of rotation. In addition, the ring spring 258:pcsnmta 
different regions of the disc 250 to compress varying amounts. 
20 [00134] With reference to Figure 8, a sixth exemplary embodiment of an 

intervertebral disc 300 is shown. Disc 300 has a generally circular shape with an upper 
enilplate 302, a lower endplate 304, and a winged leaf spring 306 having lateral ends 310. 
The disc 300, however, may take on other shapes that preferably conform geometrically and 
' anatomically with adjacent vertebral bo^es, including, but not limited to, kidney-bean : 
25 shape, oval, annular, eUipsoid, C-shape,'t>*shape etc. Other features described previously 
I wiSh respect to the other embodiments, such as migration resistant structures, permanent : 
. fixation features and/or implant instrument attachment, guiding, and retaining structures 
] may also be included on the outer surfaces of endplates 302, 304. Furthermore, the outer 
; surfaces of the endplates 302, 304 may be substantially flat, wedge-shaped, etc. The outer 
30 surfaces, of the upper and lower endplates 302, 304 may also be dome shaped with their . 
rcujlii defined in the sagittal and coronal planes to generally match the shape of the ends of 
the adjacent vertebral, thereby providing a better fit in situ. Preferably, .the upper and low 
! endplates 302, 304 are made from metal*: However, the upper and lower endplate 302, 304 
j maiy alternatively be made from other materials as already described. 
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[00135] As shown, the lower^dplate 304 preferably includes a cut^.iw : ' : 
0* iJstfsE? cpiufaar i«fco^ ciiflpw* to receive at least a center 

portion of winged leaf spring 306, Ttc lower endplate 304 inay support the v^edleaf 
spring^ along at least a portion of itehderal ends 310, and the center portion 314 of the 

5 leaf spring 306 sits within the cut-out 308, there being a gap between the bottom surface of 
the leaf spring 306 and the bottom surfade of the cut-out 308- Thus, when the leaf spring fe 
•subjected to an axial compressive load, the lateral ends 110 may flex, allowingme center 
• ^OTtionbWof.theleafspringtobepresseddo^ 

I sutfeceif the center portion contacts the bottom surface ofthc cut-out 308. The size of the 

10 hihMgib^een'me leaf spring a^ 

I of the literal ends 310, to achieve a desu^icompresdye snffiiess, as weli as a maximum * 
axial co^ppression, of me disc 300. The lateral ends may have stiffnesses that are. 
..substantfaHye^v Likewise, the 

: bottom .of the cut-out 308 may be substantially flat, or it may be angled to allow greater : 

15 • deflection of the cemerportiqn of m^le^ spring ma desired direction. The stresses and 
1 gaps may be selected as appropriate io nninto the properties of the patient's no^nal- 

liatervertebraYdisc,« 

[00136] Further, the depth lOf me"cut-out 3M may be preferably 'dei^ eiwugh to 

: aUow.the winged leaf spring 306 to flex, however, it is more preferable thai the depth of the 
20 : cutout 308 is not so deep as to prevent figure of the flexing portions of the winged leaf 
spring 306 as flexing of the winged leaf spring 30 6 provides shock absorption md * 
compression resistance which is preferably designed in disc' 300 to ntimic me compression 
resistance and shock absorption <maracteristics of the natural intervertebral disc, or mat . 
provides the compression resistance appropriate to the particular procedure, 
25 [00137] Although cut-out 308 is shown as having a rectangular shape, die cut- 

; out 308 may take on any other shape including, but not limited to circular, oval, elliptical, 
kidheyrbean, or rectangular! The cut-out 308 may be larger in dimension than the central 
' body portion 314 of winged leaf spring 306 thus allowingfor trahshttional movement of the 
' winged leaf spring 306 within the cut-out By allowing transiational movement, amoving 
30 ; instantaneous avis of mtatinn is created which more naturally replicates the motion of a 
' natural intervertebral disc., 
r [00138] Thedsc300iittyincli^ 

; comprising a Treating surface 316 which i$ dimensioned and configured to mate with the 
! articulating surface 312 on the central tody 314 of the winged leaf spring 306«; Preferably. 
35 : the mating surface 316 is concave. Alternatively, however, the mating surfacetnayhavea 
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coavex profile, anil the mating surface 3# of die. upper endplate 302 may be e^vocjand 

previously in relauon to other embodiments, the degree of curvature of me concave/eonvex 
suifeces may be selected to provide the desired amount of articulation to mimic the ; 
5 ' properties of the normal intervertebral disc, or may be as required for the particular 
procedure. 

[00139] In an alternative emhodiment the lateral ends 310 of the winged }eaf 
spring^ may have a constant thickness, length and width. Alten^ely/mejateralends 
310may have a variable thickness, len^B), and/or width. The transition from to? lateral: 
10 ends 310 to the central body 314 may be gradual such that the thickness gradually increases 
fiom the outer periphery of the lateral eige 310 toward the articulating sur&ce 312 6t it; 
may be feirly abrupt. In addition, the wjoged leaf spring 306 may include one or more slots 
or grooves in either the lateral ends (not shown) to further increase the spring 1 * flexibility. 
[00140] Although shown as having a rectangular shape, the winged leaf spring 
15 : 306 may be any other shape including oval, circular, elliptical, kidney-bean, etc. Preferably 
the shape of die winged leaf spring 306tinatehes with the shape of the cut-out 308 formed 
on the inner surface of the lower endplajte 304. The winged leaf spring 306 is preferably 
formed from materials including, for example, ceramics, composites, polymers jor metals, 
such as cobalt-chromium alloys, stainless steel and titanium alloys. 
20 l[00141] Alternatively, the dike 300, may include a lid or ring member (not 

. shown), configured to retain the wingedleaf spring 306 in the cutout 308, thus preventing 
the spring 306 from dislodging. In thisiinstance, the lid or ring member may be attacked to 
the lower endplate 304 after the winged leaf spring 306 is placed within the. cut-out 308, 
The lid; or ring member may be attached to the lower endplate 304 by any fixation means 
25 known in the art including, but not limited to pins, screws, welding, bonding, press-fit, etc. 
[00142] Disc 300 may also include stiffness restoration features such as an 
elastic membrane, an elastomer ring, bellow, springs, or fluid as previously discussed in 
relation to various other embodiments. Disc 300 may also incorporate additional stiock 
; absorbing features a$ previously described in relation to other embodiments, for example, 
30 : mahu&cturing portions of the disc finoni elastomeric material, etc. 

[00143] In addition, the articulating surfaces of disc 300 may be provided with a 

surface polish or similar wear reducing-iSnish such as diamond finish, TiM finish, etc. in 

i 

aider to minimize wear, decrease partide generation* and increase disc life. ' 

[00144] . Depending on the location of the spine where the disc 300 is implanted, 
35 theitisc 300 preferably restores heightnatuial spine curve (or sagittal balance^ stiffness, 
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relation to previous embodiments 

[00145] Asaresultoftoe.naferials.geb^^^ 
can anew flexioa/ex^^ 
S the loading conditions imparted on the intervertebral disc- 

,[00146] With reference to Figure 9, a seventh exemplary embodm^t of an : 
. : Wettebral disc 350 is shown." Disc 350 has a generally circular shape with an upper, 
. endplate 352, n^md^^»Vf^3St and an articulating cap 358. However. 
■ the disc 350 may take on other sh&pes preferably conform geometrically ^ 
10 • anatomically wimadj«^ 

shape, ovaU annular, ellipsoid. C-shapei-D-shape etc. Other features described previously 
with respect to other embodiment, such as migration resistant structures,- permanent ' 
and/or imnlant mshknem'attacWent. guiding, andre'tamrngstnictures 
may be included on endplates 352. 354.; Furthermore, the outer surfaces of the upper and 

15 lower endplates 3 

of iheupper and lower endplates 352, 34;may also be dome s&pedwifouidr radii defined 
in the sagittal and coronal planes 5to generally match the shape of the ends of the adjacent 
vertebral thereby providing a bettor fit in situ. Preferably, the'upper and lower; emulates 
352, 354 are made from metal However, the upper and lower endplate 352, 354 may 

20 f t*«*™th >»iy h« made from other materials as previously described. 

[00147J ' As shown, the lower endplate '354 may con^seafn^ieeess3«2 
defined by a pair of first shoulder members 364.' These shoulder members 364 are * ■ • - 
configured I to rapport leaf sprmg>56along a bottom surface of the. leaf spring ;near its outer 
perimeter, creatmg an axial ga^ 

25 when an axial load is appfied to toetopisurface of the leaf spring, it may flex toward and 
: into merecess. The pair of first shoulder members 364 may he integraUy formed with file 
lower endplate 354"or foey ma/comprisfe separate pieces. 

[00148] The lower enoplatoijKM furthef may have a pair of second shoulder; 
members 365 located axially above and radially outward from the first shoulder members 

30 364; The second shoulder members 365; are configured to engage foe perimeter edge of the 
leaf spring 356, to retain the spring laterally (te. tnmslationaliy) to ensure that the leaf 
spring remains centered with respect to;the first shoulder members 364 and the.recess 362, 
. thus assuring appropriate spring flexion. The second shoulder members ; 365 may be 
configured to restrain the leaf spring so as to prevent all translational movement. 

35 Alternatively, however, the second shoulder members 365 may be laterally offset from the 
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10 



15 



one direction, Img^*™^*^^** 
bned^ction. *y allowing such translation movement, a moving u^taneoj* axts of 

Miscreated, whichmot^r^ 

disc* ;i '• ; . . 

[00149} A cover plate 360 maybe provided to cover the leaf spring^preventmg 

•me Jea* spring from moving axially out ^engagement with the pairs, of first ahj| second 
Mulder members 364. in mis embedment, the cover plate 360 may be attached to the top 
.^aceofmepairofsecond^ The cover plate 360 may.be attached 

b me second shoulder members 365 byany fixation mean s known m me art includmg, but 
notlimitedtopress-fit. welding, pins, screws, bondmg,ete. The cover plate 36^ n»ay have 
an outer perimeter sized to approximate, the outer perimeter of the lower endplate 354, and 
an nmer opening 369 sized to accept an arnculation element (to be discussed mmore detail 
below); Thecoverplate360iim«open^ 

367 that may act in combination with asorresporiding surface on the upper endplate 352 to 
limit articulation of the disc 35o! The coyer platemay also be configured to acceptance 
insertion mstnunenL The embodimem opignre 9 iUustrates the leaf spring 356 as a 
. separate elernem from me lcweren^ 
<flx^m Figure 9a, the leaf spring 356 ti»y be integrally formed with the lower endplate 

'354; 

20 [00150] The leaf spring 356*uay be a spring-like elementthat ilexes under axial 

loading to provide shock absorption, flexion and compression resistance. Theieaf J?*rmg 
: 356 mky have* uniform thickness, or ^thickness may vary. In the embodiment illustrated 
^fo Figure 9, the leaf spring ha^^ 

.. embodiment iHustot^^ 
25 i has thinner segments between the ends'arid the center, rendering the leaf spring with a 
:waved shape when viewed in cross sectiO> The leaf spring may have any thickness 
appropriate to provide the required sho&absorptiott, flexion and compression; resistance. 

[001513 The leaf spring 356:niay be formed from any appropriate material 
known in the art, including, for example^cteramics, composites, polymers, or metals such as 
30 'cbbah^mroimum alloys, stainless steel jjmi titanium alloys. 

[00152] Articulating cap 35$inay be provided with a convex upper larticulatidn 
surface 368 and with a lower, leaf sprmig-engaging, protrusion 370. The articulation surfeee 
36* may be configured to mate and articulate with a mating surface 371 formed on the inner 
surfoce of me upper endplate 352. Thejmating surface 371 may comprise acpneave 
35 surface corresponding to the convex surfeee of the articulating cap 358. Atternatively, me 
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upper endplate mating surface 371 may |e: convex and the top surface of the aiticulating cap 
.358 may be concave. The curvatures of foe respective articulation surfece 368 and mating : 
surfece 371 may be selected to provide the appropriate type and amount of articulation 
and/or translation to mimic the movement of the patient's natural disc, or as required for the 

5 particular procedure. k . , , , 

* [00153] The mating surface371 of the upper endplate 352 may be irit^ral with 
J toe endplate, or as illustrated in Figure 9a. it may be formed as a separate piece and attached 
to die endplate using any appropriate fixation method known in the art, and as previously : 
. described for other embodiments. Whenformed as a separate piece, the mating surface 371 
10 : may comprise a material different firom.tijiat of the endplate, such as the various materials 
described asapp ro P riate for articulation; surfaces in relation to otiiar embodiments. The 
mating surface 371 may be recessed in$d> raised portion 372 of epdplate, 352, which may : 
allow the endplate 352 to be relatively thin without limiting tite radius of cwvaiwo that may 
be provided for the concave mating sur&ce 371 and/or requiring the mating surfece to be 

IS : too shallow., v 'vr:- - • • v- Vk~ 

[00154] . The raised portion.3^2 of the upper endplate 352 may comprise a raised 
; face 374 having a raised face height 6 *hX r The raised face 374 may be configured to engage 
the upwardly extending inner edge 36T. jc|f the leaf spring cover plate 360 to limit 
. articulation of the disc 350 in at least one direction. Alternatively, the raised face 374 and 

20 the upwardly extending inner edge 36?maybe i configured to limit articulation of the disc in 
all directions:. In one embodiment, the raised face 374 and inner edge 367,maybe 
configured to limit articulation of the disc in a single plane only, (e.g. the medial-lateral 
plane). The raised, face 374 and inner edge 367 may comprise any combination of 
configurations appropriate to provide due disc 350 with the desired range of articulation in 

25 aU planes. Thus, the raised face 374 height a h M may be different at different locations 
about the disc, for example, the height ^jb* may be smaller on the anterior and. posterior 
sides of the disc 350 and greater on the lateral sides of the disc, thus controlling the degree 
of articulation in the anterior-posterioridirection. Alternatively, the raised face 374 and 
inner edge 367 may comprise mating surfaces, such as flat faces, correspondingly curved 

30 surfaces, angled faces, stepped feces, et&, to control the degree of articulation of the disc in 
the desired direction. 

[00155] TTie bottom surfece of the articulating cap 358 may further comprise a 
protrusion 370 which is dimensioned and configured to mate with a groove 366 formed on 
the upper surface of the leaf spring 356-. Thus, the cap 358 may be at least partially 

35 restrained within groove 366. In one embodiment, groove 366 may be sized the same or 
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ionly sightly larger than the protrusion jp,fbx*y rendering the cap rostrate** 
' twnsvereely. In an alternative emhodin&tt, Ihe groove may be larger lhan the protmrioh in 
] at least one direction (e.g. along the antejior-posterior axis), thus allowing the cap 358;to 
. move transversely (i.e. translate) in that ^reetion during operation. By allowing 
5 ; translations! movement, a moving inst4teneo"s axis of rotation is provided. This moving 
\ instantaneous axis of rotation may moreiaatorally replicate me motion of a natural 

1- . 

: iatervertebral disc. i\ 

[001561 Alternatively, the prWusion 370 may be rigidly secured vratoin the 
; groove:366, thus petnutting no translatij&iai movement ; 
10 : [00157] It is noted thai aHhohgh me groove and protrusion are illustrated as . 

hayingisubstantiaUy coiTespondiiig rectUgular shapes, the protrusion 370 and |roove:366 
may take on any other appropriate shappjknown in the art including, but not limited to 
circular, oval, eflipsoidal, etc., to provide the requisite translational freedom. 

[00158] In an attesrnative en^pdiment, shown in Figures 9a throngh 9c, the leaf 
15 spring ?56 may comprise a post 380 anjithe cap 358 may have a groove 382 for receiving 
the post 380. The groove 366 and postr^80 may be sized and configured to allow 
translation of the cap 358 with respect 4( the lower endplate 354 in at least one direction. 
When the groove 366 and post 380 are pfSrifigured to allow translation of the. cap 358,; the 
cover plate 360 also must be configured so that the translating cap 360 does not interfere 
20 with the cover plate center opening 369, Thus, in such a case, the center opening may be 
elongated or rectangular in the dnectionjof translation. 

[00159] The upper endplate|352 may include a recess 384 for receiving an 
articulating insert 386, the insert having a concave surface 385 configured to articulate with 
the convex articulating surface 368 of <te cap 358. As previously described, providing a 
25 concave articulating insert 384 may provide the surgeon with greater flexibility in selecting 
the appropriate material to comprise th£ "articulating surfaces while not affecting the ; 
material of the endplates 352, or otherwise affecting the design or installation, of the pther 
components of the disc 350, Thus the insert 384 may be formed of any appropriate material 
known in the art including but not limited to polymers including rigid polymers, such as 
30 PEEK or UHMWPE, ceramics, composites or any combinations thereof. 

[00160] When an articulating insert 386 is provided, the recess 384 in the upper 

F i . 

endplate 352 may comprise a surface configured to retain the insert 386. The recess may 
comprise a radial ridge configured to fhi within a corresponding radial groove in the insert 
such that the insert may be snapped info; the recess. Alternatively, die insert may be 
35 attached to the recess via a press fit, by using a bonding agent, or any combination thereof! 
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[00161} Man alternative embodiment, disc 350 may also include stiffijess 
restoration features such as an elastic membrane, an elastomer ring, bellow, springs, or flbid 
as previously discussed in relations to other embodiments. Disc 350 may also incorporate 
additions shoe* absorbing features as ^ 

.5 . .embodiments. . 

[00162] In addition, as discussed with previous embodiments, the articulatfng- 
. surfecesof disc 350 may include a surface polish or similar wear reducing finish such as 
diamond finish, TiNi finish, etc. in or&n to minimize wear, decrease particle generation, 
and increase disc life. 

[00163] The disc 350 endplates may have migration-resistant structures provided 
on ithe outer surface of at least one or bdth of the endplates to impede movement, 
diriodgjng, or expulsion of the expiates within and from the ends of the adjacent vertebrate. 
The migration-resistant structures include, but are not limited to, flaps, spikes, teeth, fids, 
. deployable spikes, deployaible teeth, flexible spikes, flexible teeth, dtemarively shaped 
15 teeth, insertable or expandable fins, screws, hooks, serrations, ribs, and textured surfaces. 
[00164] \ Fvxrthennore,theup^ 
coated with a tone growth inducing or conducting substance to promote bony ingrowth to 
peunanently secure the disc to the adjacent vertebrae. Alternatively, the upperand lower 
• endplates may have a roughened surfaqe; a porous surface; laser treated endplate layers; 
20 integrate an o^conductive/osr^inductiye scaffold; or may be provided with or made 

from an integral osteoinductive and/dr osteoinductive material to promote bony ingrowth. 

[00165] Depending on the location of the spine where die disc 350 is implanted, 
the disc 350 may restore height, lordosis, stifihess, offer compression stiffness, and allow a 
racge of motion intended to mimic that of the natural intervertebral disc, or as required for 
25 : the particular procedure. 

: [001 66] As a result of the niaterials, geometry, and components used, disc 350 
can allow flexion/extension, lateral bending, axial rotation, and translation, depending on 
the loading conditions imparted on the Intervertebral disc. 

[00167] With reference to Figure 10, an exemplary installation procedure will be 
30 described. Generally speaking the disc 400 may include an upper endplate 402, a lower 

endplate 404 and a core mechanism 40&, the core mechanism being any spring, slotted core, 
ring spring, leaf spring, coil spring, elastomer, fluid filled or articulating disc previously 

described herein. The intervertebral dsc 400 may be implanted in a modular fashion, for 

: fr • ■ * - . . 

. example, the endplates 402, 404 of disp 400 may be inserted into the intervertebral cavity, 
35 using instruments such as a distractor and/or holder instrument. The intervertebral disc 
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spacer then be distracted using a standard spinal distractor whfch engages^ endplates • 
402 404: Trial, spacers may then be use* to determine the appropriate size o'fhepre 
n^hanism^tobeinsertedintheresiflW space. In an exemplary. embpdnnent,. flic 

commeohamsm^is™^ . 
dovetail, slot, or similar connection. TbisWular insertion technique may avoid over- 
dfetracting the intervertebral space, whien may damage surroimding tissue ano|r blood 
vessels* 

(00168] Alternatively, the intervertebral disc 400 may be mserted unassembled \ 

with the use of particular insertion toois. 
10 usedftataUowsmeendplates^^tobeheldandloc^ 

relationship as they are inserted into the^intervertebral space. Once inmlanted^the clip may 
beunlo^andremovedfromto The clip may then be removed from 

the intervertebral space. In addition, the disc 400 may be implanted in a compassed state 
topreveotover-distraction. The mtmdncti<m of the disc 400 m a compressed 

15 ..acconntfsbedvia^ 

disc 400. >• '•; 

[00169] An anterior, lateraL^r anterolateral surgical approach mayjbe used for 
the interven^braldisc 400. Furthermore, depending on the inieirvertehral<iisc-400tobe 
implanted, a minimally invasive surgical method or a simultaneous distraction; and 
20 implantation surgical method may be used. Simultaneous distraction and implantation may 
. be accoittptished. for example, by using slots formed on the outer surface of the endplates 
402, 404 to guide the implant down the. distractor during implantation. Also, depending on. 
the intervertebral disc to be implanted, an: artificial Anterior Longitudinal Iigajhent or me 
: kwtural Aiiteriorl^n^tudlnd 
25 adjacent vertebral bodies. Attachment of the Anterior Longitudinal Ligamentjmay assist in 
preventing movement, dislodging or expulsion of the implant. To assist with the 
implantation of the intervertebral discs] me intervertebral discs ma^ 
.• markers. 

[00170] While various desertions of the present invention are. described above, 
30 it should be understood that the various features can be used singly or in conmination 

thereof Therefore, this invention is not to be limited to the specific preferred; embodiments 
depicted herein. 

[001 71] Further, it should be understood that variations and modifications within 
• me spirit and scope of the invention may occur to those skilled in the art to which die 
35 '< invention pertains. For example, some portions of the brplantsdisdosedberemmaybe 
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fonnedof bone, such as allografts, autografts, and xenografts, which may he partially or 
fidly demineralized. In addition, some plants may include bone m^arial or other bone 
growth inducing material in their.urterio^ ; or. on/in their endplates. Such substances in die 
interiors may be permitted to interact with the surrounding anatomy, as with channels or 

5 othtt holes formed m the miplant walls.> 

may be used to assist with implantation of the intervertebral discs. Furthermore, the 
interyertebrai discs can be made rigid in situations where fusion is necessary. The 
intervertebral discs may be made rigid byj for example; allowing fusion between the • 
eni^Iates, mserting spacers between the^endplates, or by injecting a sotidifying liquid 

10 . between, we endplates. Accordingly, all ^-expedient modifications readily attainable by one 
versed in me art from the disclosure set Jrorth herein that are within the scope and spirit of 
the present invention are io be mciuded"as further embodiments of the present invention. 
The scope of the present invention is accordingly defined as set forth in the appended 
claims^ 
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The Claims 

fTusS. is claimed is 

.1. An intervertebral disc for placement between first and second vertebrae . 
comprising: 

! *.. \ an upper endplate having a firstimwr surface and a first outer surface, tic first outer 
siirface configured to contact the first veitebra; 

! \ ■ a lower endplate having a secondiinner surface and a second outer surface, the 
second outer surface configured to conta^ toe second vertebra; 

a membrane extending between tjbe upper endplate and the lower endplate; and 
I at least one resilient member disposed between the upper and lower endnlates; the 
resilient member associated with at least; one arcuate surface member configured to 
articulate wiflnn at least one socket associated with at least one of the endplates. 

|: 2. The intervertebral disc according to claim 1, wherein the at least one resilient 
' ^emberfiirthercomprisesafh^enda^ 
15 arcuate surface member, the second end;disposed within a recess formed in the inner 

1. -i 
surface of one of the endplates. 

3. The mtervertehiai disc a^rdm^ 
( inmate surface member is fixed vvithinthe recess formed on the inner surface of one ofthe 



10 



20 • 4. Ttointenrertebraldisca^poidm^ 

• ^herein the at least one resilient member further comprises first and second ends, each end 
kurther. being connected to a separate arcuate surface member. 

! ! 5. The intervertebral disc a^rding to any one of the preceding claims; 1-4* 
herein the at least one arcuate member and the resilient member are configured to! allow 
25 Wanslaiional movement between the upper and lower endplates. 

i * : . 

i : 

i • 6. The intervertebral disc:according to any one ofthe preceding claims 1-5, 
wherein the at least one resilient member comprises at least one first resihent membej and a 
jpluraliry of second resilient members. -. 

! ' • 7. The intervertebral discapconling to claim 6, wherein the at least one. first 
30 fcesflient member has a first spring wmstant, the at least one second resilient member has a 
'.second spring constant, the first and second spring constants being substantially unequal. 
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8 The intervertebral discadj*^ 

>-: .! . .r • • 

is substantially greater mantis second sppog constant. ■ 

9. The intervertebral disc according to clahn 8, further conmristog&Jhfrd 
resffientmemher, the second and third recent members disposed nearer to a.perfpfceral 

5. ; edge of.medisc than the first resiHent member. . •■. 

10. Ibemtervertebraldiscac^rd^ 

member and the pJnrality of second reagent members are each attached to at lejrf one; 
respective arcuate swface member configured to articulate within a corresponding . ; 
respective socket formed on the inner siirface of one of the endplates. £* ■ 

10 ' 11. The intervertebral disc according to any one of mepreceding!C^nas.I - 10, . 

further comprising at least one elastomers strut disposed between the upper a^ lower- :. 



r . : i 
' V- ■ ! - 



12. The intervertebral disc according to any one of the preceding; claims 1 - 11* 
' further coinprising a casing member disposed adjacent the at least one resm^;member, flu* 

.15 '• ^^^embtfiwmg an articulating shrfiioe cohfigbredto engage the arcu^Surfece ; . 
member associated with me ^ resuient member. 

13. The intervertebral disc afceording to any one of the preceding otalras 1 - 12, 

wherdn the resilient member and arcuate isurfaee member are integrally form^f 

; - • : m y ■« ■•: v-r*r :■ * >i • r \ : : 

14. . The intervertebral disc sfecbrding to any one of the preceding cairns J r. IS; : 
20 former comprising a membrane disposed between the upper and lower endjifefos, the 

membrane encapsulates at least a portion* of the at least one resilient member.1 ; 

15. .." The intervertebral disc according to any one of the preceding ql?ims 1 - lft ; 

J;. • ; • 

wherein the membrane encapsulates the upper and lower endplates, 

* • .' 

16., The intervertebral disc according to any one of the preceding chrims 1 1 5, 
25 wherein the membrane is formed of an elastomeric material. 

17. The intervertebral disc according to any one of the preceding claims 1 - 16, 
wherein the membrane comprises a bellow. 
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• • 18. The intervertebral disc according to any one of the preceding clpms j - 17, 
. wherefore endplates and membrane define an interior volume, the volume benig at least 
. ^artiany filled with a fluid. • 

19. The intervertebral disc abiding to claim l8,furmercomprismg a.va|vem 
communication whh the volume for at 1 <jast partially filling the volume with the fluid. 

20. The intervertebral disc according to claim 18 or 19, wherein tbi fluid is 

l': 

compressible., 

: :• ■ • -\ - i : : 

21. The intervertebral disc according to claim 18 or 19, wherem the fluid is 



•1 * 

r 



10 22. ' The intervertebral disc a4c^ing to any one of the preceding cto 

wherein the membrane is at least semi-i^ermeablc, 

• : sr. 

23. The intervertebral disc according to one ofthe preceding claims 18 -22 
wherein die membrane is non-permeable. 

24. i The intervertebral disc a^qording to any one of the preceding claims 1 - 23, 
15 wherein at least one of the endplates is &rmed fiom a material selected &om fee group 

consisting of metal, polymer, ceramic a^ composite. 

25. The intervertebral disc according to any one of the pirecedmg <^aims 1 - 24, 
wherein at least one of the endplates is formed of bone material selected from the group 
consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or partially 

20 demineralized bone. % 

26. The intervertebral disc according to any one of the preceding claims i -.25; 

further comprising migration-resistant s&uctures disposed on at least one of the first and 

, * ► 

second outer surfaces. 

27. Theintervertebral disc according to any one of the preceding qlaims 1 -26, 
25 further comprising permanent fixation means disposed on at least one of the fjrst and 

5 second outer surfaces. 

' . ' •{;. 

28. The intervertebral disc according to any one of the preceding claims 1 - 27, 

; further comprising implant instrumentatibn attachment, guiding, or retaining structures 

* . * •* 
■ disposed on at least one of the first or second end plates. 

40 



WO 2004/016217 



PCT/US2003/025536 



29. The intervertebral dUc fojplacerneiit between first and second vk&brae 

comprising: :| 

a first endplate having a first inner surface and a first outer surface, the first outer 

' surface contacting the first vertebra; 
5 a second endplate having a second inner surface and a second outer surface, the. 

second outer surface contacting the secoSd vertebra; 

a membrane extending between ihe first arid second endplates; and 
at least one leaf spring disposedjbetween the endplates, the leaf spring having first. ; 
and second ends, the first end attached to-ihe first endplate and the second end configured to 
10 be movable laterally along the inner surface of the first endplate in response td'a force on 
the leaf spring. 

' I' : ' ' ' 4 

30. The intervertebral disc according to claim 29, wherein the leaf spring second 
end further comprises a roller coiifigureij.to allow the second end to roll along the inner 
surface of the first end plate in response to a force on the leaf spring. 

15 31. The intervertebral disc according to claim 29 or 30, wherein the second end; 

: fhr&erccmipris^ * 

31 The intervertebral disc according to any claim 3 1 , wherein the roller 
. ' comprises a rounded end. 

33. The intervertebral disc fording to any one of the preceding claims 29 - 32, 
20 wherein the leaf spring fiirthef comprises an intermediate portion disposed between the first 
and second ends, the intermediate poztfen having an articulating surface configured to mate 
With the inner surface of the second endplate. 

t 

34; The intervertebral disc according to claim 33, wherein die inner surface of 
the second endplate further comprises m articulating surface configured to mate with the 
25 articulating surface of the leaf spring intannediate portion. 

35. The intervertebral disc according to claim 33; wherein the time* surfece of ; 

r." * * 
the second endplate further comprises apad configured to mate with the articulating surfece 

of the leaf spring intermediate portion, y 

, 36. The intervertebral disc according to any one of the preceding ciaims 29 - 35, 
30 1 further comprising a membrane disposed between the upper and lower endplates, the i 
; membrane encapsulates the leaf springs 
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\ 37. The intervertebral^^ 

therein th& membrane encapsulates thejupper and lower endplates. j 

• ' 38. The mtervertebral disc acc^^ 
L wbfirein:the membrane is formed of an elastomeric material. 

\ • • 39. The intervertebral disc according to any one of the preceding da^ms ?9 - 38, 
[wherein the membrane comprises a bellow. i 
I : ' 40. The intervertebral mscaqc^ 

I wherein the endplates and membrane define an interior volume, the volume being, at least. 
] partially filled with a fluid. 

I 41. The intervertebral disc according to claim 40, furmer comprising a valve in 

" con^unication with the volume for at teast partially filling the volume with me fluid; 



42. Themtervertebralmscaccpiumgtoclaim40or41^ 

I .■ 
[ compressible. 

. \ 43. Themtervertebralwscaceordmgto^^ 

15 ; incompressible. 



20 



25 



44. The intervertebral disc aci^ 

wherein the membrane is at least semi-permeable. . • 

45. The intervertebral disc according to any one of me preceding cairns 40 - 43, 
wherein the membrane is non-permeable. 

• 46. The intervertebral disc accord^ 
wherein at least one of the endplates isfbrmed from a material selected from the group 
consisting of metal, polymer, ceramic sad composite. j 

47. The intervertebral disc according to any one of the preceding claims 29 - 46, 
wherein at least one of the endplates is ibrmed of bone material selected from ijhe group 
consisting of cortical, cancellous, allograft, autograft, xenograft, demmeralized, or partially 
demmeralized bone. 

48. The intervertebral disc according to any one of the preceding cliims claim 
29 - 47, further comprising migration-resistant structures disposed on at least bpe of the first 

42 



WO 2004/016217 



PCT/US2003/025536 



49. . The intervertebral disc acconfog to any oncofthefra 

further comprising permanent fixation means disposed on at least one of the first and 
second outer surfaces. 

50. The intervertebral disc aqpoiiding to any one of the preceding claims 29 - 49, 
5 wherein at least one of the endplates is formed of bone material selected from the group 

consisting of cortical, cancellous, aUograft,;autograft, xenograft, demineralized or partially 
demineralized bone. 

•51. An intervertebral disc forplacement between first and second vertebrae 
comprising: . 
10 a first ehdplate having a first inneir surface and a first outer surface, theifirst outer 

surface contacting the first vertebra; 

a second endplafe having a second inner surface and a second outer surface, the 
second' outer surface contacting the second, vertebra; 

a membrane extending between ^be first and second endplates; 
15 an articulating member disposed between the first and second endplates, the 

articulating member having a first and second surface, the first surface being configured to 
mate with the inner surface of at least otie endplate; and x 

a shock absorbing element disposed between the second surface and one of the 
endplates, _ !' 

20 52. .The intervertebral disc according to claim 5 1 , wherein the inner surface of 

one of the enddplates further comprises an articulating surface configured to mate with the 
articulating member. 

53. The intervertebral disc according to claim 51 or 52, wherein the articulating 
surface further comprises an articulating pad. 

25 54. The intervertebral disc according to any one of the preceding claims 5 1 - 53, 

* » 

wherein the articulating surface further comprises a recess sized and configured receive at 
least a portion of the articulating pad, the recess further configured to allow the articulating 
pad to translate in at least one direction with respect to the articulating surface, 

55 . The intervertebral disc according to any one of the preceding claims 51 - 54, 
30 ; further-comprising a membrane disposed between the upper and lower endplates, the 
j membrane encapsulates the articulating member. 

: 43 



• 56. The intervertebral disc adding t0 °™ ^ n6 f^ 51 ' 
jb**fc* membrane encapsulates the and second endplates. . 

" 5 7. The integral disc m^lo^c^^vmom^^^ 
wherdnthe membrane isformed of an etestoineric material. 

5 - ■ 58 Themterverteb^ 
^^membranecon^s^ 

. sh^. ^oibing element .ji ;. 

" • : ^ The intervertebral disc according to any one of the preceding cl^s 51 - 58. 
whe^in the endplates and membrane dekpe an interior volume, the volume beihp at least • 
•10 partially fitted wim a fbrid. j.:. : j ' 

60 Thehmver^nudisc^ 

61. m intervertebral disc ac^^ 
Icompiessible. . , j .; .' j : 

15 • 62. The intervertebral disc a^eoroing to claim 59 or 60, >vnerem thesis; 



63. The intervertebral^ 
• 64. The intervertebral disc 



20 . 

■ 65. The intervertebral disc affording to claim 51. wb^em at least d^of the 
j endpla^ is formed from a material seated from me group consisting of me^, polymer, 
! ceramic . and composite. , • : 

. 66. The intervertebral disc according to any one of the preceding chpms 5 lr 65, 

25 w;he iem at least one o^ 

consisting of cortical, cancellous. aUogrtift, autograft, xenograft, demineralkedlor partially 

demineralized bone. 
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i 67. The intervertebral disc according to any one of th e preceding claps 51 ? 66, 

further comprising migration-resistant structures disposed on at least one of 4e first and 

• sepond outer surfaces. ' ; 

68. The intervertebral disc according to any one of the preceding cBaims.5 1 - 67, 
5 : further comprising permanent fixation njieaiis disposed on at least one of the fi^jmd 

| second outer surfaces. ■ 

* • • • ,* i 

69. The intervertebral disc according to any one of the preceding (plaims 51 - 68,. 

: further comprising implant instrumentation attachment guiding, or retaining structures . 
disposed on at least one of the first and: second inner and/or outer surfaces. 

10 70. The intervertebral disc for placement between first and seco^ vertebrae; 

, comprising: - . 

I a first endplate having a first inner surface and a first outer surface, ]the first outer 

; surfece contacting die first vertebra; • \ j 

j a second endplate having a second inner surface and a second outer surface, the 

15 \ second outer surface contacting the secqnd vertebra; and 

a slotted core disposed betweenlhe first and second endplaies, the dotted core 
[ having a first and second surfece, the first surface configured to mate with a pocket formed 
: on the inner surface of first endplate, and the second surface comprising an articulating 
! surfece configured to mate with a corresponding surface associated with the second 

20 !. endplate. 

71. The mtervertein^ disc *u^^ 

having a first diameter and die pocket having a second diameter larger than the first 
diameter so that the slotted core may translate within the pocket 

* • 

72. The intervertebral disc Recording to claim 70 or 71, further comprising ^ lid: 
25 disposed between the first and second tindplates, the lid configured to engage at least a • 

portion of the pocket and the slotted c&e to axially retain the core within the pocket 

73. The intervertebral disc according to any one of the preceding:olairns 70 - 72; 
wherein the second surfece of the slotted core is configured to articulate within the second 
endplate corresponding surface. 
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.74. Theuitenrertel^disca^ 
to^oinptia^ 

membrane encapsulating at least the sin cere and pocket. 

• 75; Hie intervertebral disc avoiding to claim 74, wherein the membrane former 
encapsulates the upper and lower, endpfcrtes. 

.' •■ : . • '. 

76. TtemtBrvertebialidisoad^ 

fbmiedofanelastomeric material. . j' 

77. iheintervertebralidise^scoidmgtoan^ 
■wherein the menibrane comprises a beffow. 

78. The intervertebral disc abiding to any one of the prece<fog.claims74-77, 
; wherejn the endplates and membrane djsflne an interior volume, the volumehang at leart 

partially filled a fluid. '\_ , 

' 79. The intervertebral disc According to claim 78, further compri$mg a valve in 
• . conmiumcation with the vohime;foT at?east partially filling the volume withftie fluid. 

li :■ "■ 80. The intervertebral disc according to claim 78 or 79, wherein the fluid is 



Id 



81. The intervertebral disc ikccording to claim 78 or 79, wherein die fund is 



82. The intervertebral diso j^jcording to any one of the prece ding c l a im s . 70- 81, 
20 wherein at least one of me endplates informed from a material selected from the group 
consisting of metal, polymer, ceramicijmd composite. 

; 83. Themtewertebraidisff^cccirdin^ 
i wherein at least one of the endplates ^nned of bone material selected from ihe group 
: consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or partially 
dermneralized bone* 

84. . The intervertebral disaccording to any one of the preceding claims 70 - 83, 
fturflter comprising imgration^sistant.sWcttii^ disposed on at least one of the first and 
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: 85. The intervertebral disc ^woidingto any oneof the prec^ 
: ferftor; comprising permanent fixation ?neans disposed on at least one of the first and 
second outer surfaces. ; 

. ' . i . 

86. The intervertebral disc according to any one of the precedingclainis 70 - 85, . 
finiher conqwising implant instrument|$pn attachment, guiding, or retaining stouctures. 
disposed on at least one of die first and] second inner or outer surfaces. 

87- t An intervertebral disc f<k placement between first and second vertebrae 

* ! composing: : j 

•'!. a first endplate having a first uiber surface and a first outer sur^ 

. • I. ^ 

10 ; surface contacting the first vertebra; ; 

' • : ! l \ a secoiod endplate having a secdhd inner surface and a second outer surface, the 
: second outer kirface contacting the seated vertebra; 

a cap having a top surface and fcpttom surface; the top surface being configured to 
mate with the inner surface of the firstfeoadplate; and 
15 ; i ; r a ringspring disposed betweerfthe bottom surface of the cap and the inner surface of 
j the second endplate.- j *. 

. 88. The intervertebral disc 'according to claim 87, wteredn the ring spring has 

first and second surfaces, the first surface configured to mate with the bottom surface of the 

■ t • . ^ • ■ - * ■ ■ 

: cap, and the second surface configuredjo.mate with the pocket formed on the inn^ surface 1 
20 . of th^second endplate. j 

\ $9. . The intervertebral disc according to claim 87 or 88, further comprising a slot 
: defining a gap between first and second end faces of the ring spring, wherektthe gap is 
sized to allow the ring spring to resiliency compress so that the end feces approach each 
• other when a compressive force is placed on the ring spring by thexap. 

. ■ i ' 

t \ ... 

25 — 90. The intervertebral disc jaccording to any one of the preceding claims 87 - 89, 

thering spring further comprising a fijst diameter, and the bottom surface of file cap having 
an axial protrusion comprising a second diameter, the first diameter being substantially 
larger than the second diameter, wherein when the bottom surface of the cap engages the 
top first surfece of the ring spring, the cap may translate with respect to the ring spring. 

30. 91. The intervertebral discjaocording to any one of the preceding claims 87 - 90, 

further comprising a plurality of slots jlbcated between the first and second surfeces, the 

.. ^ 
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\ sfctefipeEative to render at least aportifflfcof the ring spring resiliendy cotnpressibl^^ a 
! compressive force is placed on die ringjgying by thecal. 

92. The intervertebral disc acqording to claim 91 , the protrusion cornprising a 
radial Up having an outer diameter larg&.fhan the first diameter of the ring spring, die lip 

5 allowing the cap protrusion to be press|li into the ring spring first diameter. 

93. The intervertebral disc abiding to any one of the precedng«lainis:87 -.92.. 
further comprismg a lid disposed between the first and second end plates, the hd configured 
toj engage at least a portion of the pock&and either the ring spring or the cap to axially : 
retain die zmg:Spring and the cap within the pocket 

10 94. The intervertebral disc $pcording to any one of the preceding claims. 8? -j 93; 

fbitoer comprising a memb^ . 

* ■ : • . • 

95. The intervertebral disc according to any one of the preceding claims. :?7 H 94, 
further comprising a membrane disposed between the upper and lower endpiates, tfsf. ; 

membrane encapsulating at least the capering spring and pocket 

* *.. 

15 96. The intervertebral disc according to claim 95, wherein the membrane 

CTcapsulateafbe upper and lower endpiates. 

. 97. The intervertebral disc Recording to claim 95 or 96, wherein the mentorane is 
formed of an elastomeric materiaL 

98. The intervertebral disc recording to any one of the pro 
20. . wherein the membrane comprises a beflow. 

i 

'99. The intervertdn^ disc according to any one ofthe pr^eding claims 95 r98> 
wherein die endpiates and membrane define an interior volume, the volume being at least 
partially fined a fluid. 

100. The intervertebral disc according to claim 99, further comprising a valve in . 
25 communication with the volume for atleast partially filling the volume with the fluid. \ 

101 . The intervertebral disc iqcording to claim 99 or 1 00, wherein the fluid is 
incompressible. * 

. 102. The intervertebral disc fording to claim 99 or 100, wherein the ftuijd.ia 

if ; 

compressible. 
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■ , 103. The intervertebral disc fording to any one of the preceding- claims 87 - 
' 102, -wherein at least one of the endplatjes is formed from a material selected from the group'- 
consisting of metal, polymer, ceramic and composite. 

104. The intervertebral disc ^cordm^ 

5 103 'wherein at least one of the endplatfes is formed of bone material selected from the ! i 
group: consisting of cortical, cancellous, allograft, autograft, xenograft, deraineraU^ or ; 
• parti^ydemtoeralizedbone. . 

105. The intervertebral disc Recording to any one of the preceding claims 87 - . 

*■*-,.,- *.*,.*.* • ' * * ■ "* * 1 

lb^ftrtheroornimsmgrmg^on-resi^ : 

10 aiid second outer surfaces. 

106. The intervertebral disc according to any one of the preceding claims 87 - « 
:105;. further comprising permanent fixation means disposed on at least one of the first and ' 

. second outer surfeces. , '. 

107. The intervertebral disc according to any one of the preceding claims 87 - 
15 106, further comprising implant instrumentation attachment, guiding, or retaining 

structures disposed on at least one of the first and second inner or outer surfaces. 

108. An intervertebral disc for placement between first and second vertebrae 
comprising: j « 

a first endplate having a first inner surface and a first outer surface?, the first outer . 
JO . surface -contacting the first vertebra; ; 

a second endplate having a secpnd inner surface and a second outer surface, the 
second outer surface contacting the segond vertebra; 

a leaf spring having first and second resilient ends, configured to engage the second 
endplate, and a length, the leaf spring:&rther comprising a central body having first and' 
IS second surfaces, the first surface comprising an articulating surface. 

109. Tlie int^ertebral disciaccording to claim 108, wherein the second endplkte 
further comprises a recess haying a length smaller than the leaf spring length, wherein when 
the leaf spring engages the second endplate so that the first and second resilient ends are 
supported on the inner surface of the endplate and the central body is positioned over the : 

IQ endplate recess, at least a portion of the central body may move into the recess, when a . 
compressive force is applied to the leaf spring first surface allowing the second surface ip . 
contact the recess surface. 
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5 

v 110. The intervertebral disc acpordijig to claim 1 08 or 109, the recetfs; further 

comprising a recess surface, the leaf spn[ag second surface and the recess sur^ck 

configured to define a gap therebetween? so that when a predetermined compressive force is 

applied to the leaf spring first surfece the leaf spring second surface contacts at least a 

5 r portion of the recess surface. ! 

••i < , 

- 111. The intervertebral disc according to any one of the preceding claims 1 09 - 

.110, wherein the central body and the recess are configured so that the leaf spring may 

. translate in at least one direction with respect to the second end plate. 

* 112. The intervertebral disc according to any one of the preceding daims 108 ~ 

10 v 1 11, wherein the first endplate further comprises an inner surface having an articulating , 
surface configured to correspond with the leaf spring articulating surface. 

113. The intervertebral disc according to claim 112, wherein the articulating 
surfaces are configured to allow the leaf .spring to articulate, and to translate, relative to the 
■ first endplate. : 

15 114. The intervertebral disc according to any one of the pnxeding claims 108 - 

1 13, further comprising a membrane disposed between the first and second cndplates. 

1 15. The intervertebral disc according to claim 1 14; further comprising a 
membrane disposed between the upper and lower endplates, the membrane encapsulating at 
least the leaf spring; 

20 : 1 16. The intervertebral disc-according to claim 1 14 or 1 15, wherein: the 

: membrane encapsulates the first and spcond endplates. 

117. The intervertebral disc.;ilccoiding to any one of the preceding c 
116, ^herein the membrane is fonnedfof an elastomCTC material, 

1 1 18. The intervertebral disc ^abcording to any one of the preceding claims 114- 
2S . 1 17, wherein the membrane comprises- a bellow. 

: : 

119. The intervertebral disc According to any one of the preceding jclaims 1 14- 
118, wherein the endplates and membrane define an interior volume, the volume being at 
least partially -filled a fluid. 
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120. : The intervertebral disc according to claim 1 19, further compHsmg ajvalve in 
commraication with the volume for at least partially filling the volume with the fhfid. 

. 121 . . The intervertebral disc according to claim 1 1 9 or 120, wherein the fluid is 



5 122. The intervertebral disc according to any one of the preceding claims 108 - 1 

121, wherein at least one of the endplaties is formed from a material selected from the group 
consisting ofjmetal, polymer, ceramic and composite. 

123. ' The intervertebral disc according to any one of the preceding claims 1081- 

122, wherein at least one of tte endplates is formed of bone material selected from; the 
10 group consisting of cortical, cancellous, allograft, autograft, xenograft, demineralized or 

partially demineralized bone. : 

124. The intervertebral disc according to any one of the preceding cilaims 108:-: 

123, further comprising migration-resistant structures disposed on at least one of the first 

and second outer surfaces. 

i • . .■ 

15 ■ 125. The intervertebral disc according to any one of the preceding claims 108; - • 

124, farther comprising permanent; fixation means disposed on at least one of the first and 
second outer; surfaces. * I 

126. . The intervertebral disc according to any one of the preceding claims 108 -: 

125, further comprising implant instrumentation attachment, guiding, or retailing structures 
20 : disposed on at least one of the first and second iuner or outer surfaces. 

127. An intervertebral disc for placement between first and second-vertebrae 
comprising: 

a first endplate having a first inner surface and a first outer surface, the first outer 
surface configured for contacting the first vertebra; 
25 a second endplate having a second inner surface and a second outer surface, the 

second outer surface configured for contacting the second vertebra; 

a first articulation member having a first surface associated with the first endplate, 
a leaf spring having at least a first surface associated with the second endplate and a 
second surface associated with a second surface of the first articulation member, : 
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Miertin thej first articulation member ^configured to allow the first and secjjpd endplates 
to acidulate with respect to each other, jand the leaf spring is confined to allow the end 
platesio approach one another in response to a compressive force applied to at least one of 
the end. plates* : ( 

: 128; The intervertebral disc ^ceording to claim 127, wherein at leatfoneof the 
first; endplate inner surface and the firsl articulation member first surface conjprtees a 
concave surface, the other surface being convex, the surfaces configured to allow the 
articulation: member to articulate with respect the first endplate. 



. V2& ? The intervertebral discarding to elate 
1 o endplke inner surface comprises a concave shape, and the first articulation number 
comprises a corresponding convex shape. 

130. The intervertebral disc according to any one of the preceding claims 127 - 
129, further comprising a second articulation member having a first surfece;associated wjth 
. the first endplate inner surfece and a second surface associated with the first articulation 
15 meapbetfixist surface. ; 

' . ' i ; i [!*■ 

' 131 1 . The intervertebral disc Recording to claim 130, wherein the second 
articulation member second surface is fconcave and configured to correspond to a convex 
first surface of the first articulation member. 

i- 

' 132. The intervertebral disc according to claim 131 > wherein the concave and 
20 convex surfaces are configured to allow both articulation and translation between the 

• articulation members. i , ■ 

h i • \ i: 1 : 

: 133. The intervertebral disc kcqording to any one of the preceding claims 130 - 
132, wherein at least one of the articulation members comprises a material that is different 
from the material of one of the first orlstecond endplates. 
. . ; < . 

25 . 134. The intervertebral disc i^nimgto any one of thepresedmgt 

133* wherein the first endplate inner surface and the articulation member first surface are 

,. * • • ... 

. further configured to allow the articulation member to translate relative to the first endplate, 

: 135. The intervertebral disc kocording to any one of the preceding clfirims 127- 
134> the second endplate further comprising a recess in the second inner surface* the leaf 

30 • spring having a length sufficient to span the recess so that at least opposite ends of the leaf 

»* 
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. ^rmg -are supported by the inner surface and a central portion of 
positioned over the recess, wherein when the central portion may move into the recess when ; 
a compressive force is applied to a second surface of the leaf spring. 

136* The intervertebral disc according to claim 135, the second endblate further 

. • 9 :* • - \.. .r.r *t.*\ v • - - ; % : - 

' 5 comprising a perimeter edge sized and^configuxed to allow the leaf springtb translate with 

nesppct to the second endplate in at lea^t one direction. 

:• "? 

• f 37. The intervertebral disc according to claim 135 or 136, the endplalb 

further comprising a perimeter edge siiedand configured to prevent the leaf Spring from 

translating in at least one other directi<p. 

10 ; 138. The intervertebral disc according to any one of the preceding claims 134 !- : 

, 137; the leaf spring second surface further comprising a recess configured to accept a 

projection formed on a second surface.of the articulation member, 

; t. »-•■*.»■■*•. . «• ■ - . • 

1 39. The intervertebral disc according to claim 138, wherein the xesere and \ 
projection are sized and configured to allow the articulation member to tansl^e in at least 
15 onejdfrectiott relative to the leaf spring.. ! " • 

. 140. Tlie mtenrertebral disc 
139* further comprising a cap memberconfigured to engage at least a partionif the second ] 
. endplate, and to cover at least a portion of the leaf spring to prevent the leaf spring from 
[ axially disengaging from the second endplate. 

20 , . 141. The intervertebral disc according to any one of the preceding claims 13 5 - » 

; 140, thexap member further comprising at least one raised ridge configured to contact at 1 

; least one raised ridge associated with the first endplate to limit articulation between the ! 

• endplates in at least one direction. j 

; 142 - . The intervertebral disc ^cording to claim 141, wherein theiafced ridges 
25 j Ibve corresponding flat surface profil^, 

. . ♦ * 

; * 143, The intervertebral disc according to claim 141 or 142, wheteiarjaie raised 

ridges have correspondingly angled sur^ces. . 

j . 144. The intervertebral disc according to any one of the preceding claims 127 - 
! 143, wherein at least one of the endplafes is foimed from a material selected feom the group : 
30 | consisting of metal, polymer, ceramic jiand composite. 
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• v., 

145, The intervertebral disc according to any one of the preceding, <?laims 127 - 

144, wnerem at least one of the endplates is formed of bone material selecteti-ftom the 
groupconsisting of cortical, cancellous; allograft, autograft, xenograft, deminfralizediotf 
partially demoralized bone. 

5 146. The intervertebral disc according to anyone of the praeding claims 127 - 

145, further comprising migration-resistant structures disposed on at least one of the first 
and second outer surfaces. 

147. The intervertebral <Usc according to any one of the preceding claims 127- 

146, further comprising permanent fixation means disposed on at least one of the first mod 
10 second outer surfaces. 

: ' »!*'•' 
t " • 

148. The intervertebral disc jatecording to any one of the preceding claims 127 <■ 

147, further comprising implant instnimentation attachment, guidipg, or retaining struirtures 

• * * 

disposed on at least one of the first and. second inner or outer surfaces. 
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^ (57) Abstract: The invention relates to an artificial intervertebral disc for placement between adjacent vertebrae. The artificial 
O intervertebral disc is preferably designed to restore disc height and natural disc curvature, allow for a natural range of motion, absorb 
O shock and provide resistance to motion and axial compression. Furthermore, the intervertebral disc may be used in the cervical, the 
^ thoracic, or the lumbar regions of the spine. The artificial intervertebral disc may include either singularly or in combination: an 
Q interior including at least one spring member preferably incorporating a arcuate surface member, a flexible core, the flexible core 
i?T preferably being a slotted core, a ring spring, a winged leaf spring, or a leaf spring, or. The articulating member preferably being 
attached to one of the endplate by an intermediate shock absorbing element 
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^ J because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3 " I because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, .as follows: 

see additional sheet 

1 . I I As alt required additional search fees were timely paid by the applicant, this International Search Report covers all 
I 1 searchable claims. 

2. f~] As all searchable daims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I — I covers only those claims for which fees were paid, specifically claims Nos.: 



4. rn No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned In the claims; I 



; It is covered by claims Nos.: 

1-28, 51-69 
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FURT HER INFORMATION CONTINUED FROM PCT/1SA7 210 

1. claims: 1-28,51-69 

An intervertebral disc comprising: 
an upper endplate having a first inner surface and a first 

rSer U enap1ate having a second inner surface and a second 

Sra^extending between the upper endplate and the 

Ka^onf resilient member disposed between the upper and 

with respect to each other) 
1.1. claims: 51-69 

surface and one of the endplates. 



2. claims: 70-86 



An intervertebral disc comprising: 
a first endpSti h5?!g a first inner surface and a first 

aTower^plate having a second inner surface and a second 

fontted f core disposed between the first and second 

to Se with a corresponding surface associated with the 

fnroDlemfallJwing different regions of the core / the 
implant to compress different amounts depending on the 
location and type of spinal loading) 



3. claims: 87-107 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



An intervertebral disc comprising: 
a first endplate having a first. inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a cap having a top surface and bottom surface; the top 
surface being configured to mate with the inner surface of 
the first endplate; and 

a ring spring disposed between the bottom surface of the cap 
and the inner surface of the second endplate., 
* (problem: providing a durable shock absorbing element for a 
disc implant having the characterise cal shock absorption 
and compression resistance of a spinal disc). 



4. claims: 29-50 

An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a membrane extending between the upper endplate and the 
lower endplate; and 

at least one leaf spring disposed between the endplates, the 
leaf spring having first and second ends, the first end 
attached to the first endplate and the second end configured, 
to be movable laterally along the inner surface of the first 
endplate in response to a force on the leaf spring, 
(problem: providing a greater range of flexibility of leaf 
springs in spinal disc implants) 



5. claims: 108-126 

Ah intervertebral disc comprising: 
a first endplate having a first inner surface and a first 
outer surface, 

a lower endplate having a second inner surface and a second 
outer surface, 

a leaf spring having first and second resilient ends, 
configured to engage the second endplate, and a length, the 
leaf spring further comprising a central body having first 
and second surfaces, the first surface comprising an 
articulating surface. 

(problem: preventing failure of a leaf spring in a disc 
implant) 



6. claims: 127-148 
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FURTHER INFO RMATION CONTINUED FROM PCT/1SA/ 21Q 

An intervertebral disc comprising: 
a first endplate having a first inner surface and a first 

a U ^er U Slate having a second inner surface and a second 

a U fi ^articulation member having a first surface 
associated with the first endplate, . 
I leaf soring having at least a first surface associated 
with the 52nd endplate and a second surface associated 
with a second surface of the first articulation member. 
where?n the first articulation member is configured to allow 
thff rst and second endplates to articulate with respect to 
each iSer! and the leaf spring is configured to allow the 
end nlates to approach one another in response to a 
compressive force applied to at least one of the end p ates. 
(Kim- providing the surgeon with a greater flexibility 
i^se ectiKe appropriate material for the articulating 
surface while not affecting the materials of the endplates) 
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